US007899401B2
12 United States Patent (10) Patent No.: US 7.899.401 B2
Tanaka et al. 45) Date of Patent: Mar. 1, 2011
(54) RADIO COMMUNICATION DEVICE (56) References Cited
(75) Inventors: Koichiro Tanaka, Hyogo (JP); U.S. PATENT DOCUMENTS
Tomohiro Kimura, Osaka (JP); 5607018 A 11/1997 Okamoto
Naganori Shirakata, Osaka (JP); Shuya 7.099.419 B2*  8/2006 Braun ... 375/350
Hosokawa, Osaka (JP) 7,388,934 B2* 6/2008 Legrand etal. ............... 375/329
7,747,220 B2* 6/2010 Edmonson et al. .......... 455/41.2
(73) Assignee: Panasonic Corporation, Osaka (JP) 2002/0042274 Al 4/2002 Ades

2003/0125040 Al 7/2003 Walton et al.
2003/0185285 Al  10/2003 Talwar
2004/0246889 Al 12/2004 Ogawa et al.

( *) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.5.C. 154(b) by 924 days. FOREIGN PATENT DOCUMENTS
(21) Appl. No.: 11/628,039 BA 8-288870 11/1996
(Continued)

(22) PCT Filed:  Jun. 3, 2005
OTHER PUBLICATIONS

(86) PCI No.: PC1/JP2005/010247 Yang, K. et al., Array Configuration Design for Space-1ime Adaptive
§ 371 (¢)(1), Processing Systems, IEEFE (Aug. 6, 2002), pp. 145-148.

(2), (4) Date:  Jun. 19, 2007 (Continued)

(87) PCT Pub. No.:  'WO2006/003776 Primary Examiner — Andrew Wendell

PCT Pub. Date: Jan. 12, 2006 (74) Attorney, Agent, or Firm — Wenderoth, Lind & Ponack,
L.L.P.
(65) Prior Publication Data
US 2007/0259623 Al Nov. 8, 2007 (57) ABSTRACT
A radio communication device that, even 11 1t 1s interfered by
(30) Foreign Application Priority Data a radio transmission station other than a radio transmission
station with which 1t intends to communicate, estimates a
Jun. 4, 2004  (JIP) oo, 2004-166834 signal transmitted from the intended radio transmission sta-
Oct. 25, 2004 (- P ) ................................. 2004-309379 10N by taking 1mnto account the influence of the in‘[erferencej
by obtaining an estimator of s that denotes a column vector
(51) Int. Cl. representing a signal transmitted from the radio transmission
HO4b 17/00 (2006.01) station, in accordance with a following expression: s=RssH”
HO4B 7724 (2006.01) (HRssH””+Ruu)™'r, where “Rss” denotes a covariance matrix
HO4b 1/00 (2006.01) of the column vector “s”, “r” denotes a column vector repre-
HO4B 7700 (20006.01) senting the signal received by the signal receiving unit, “H”
HO04Q 5/22 (2006.01) denotes a matrix being the numerical sequence calculated by
(52) US.CL ... 455/67.11; 455/39; 455/69; 340/10.1; the first calculating unit, “Ruu” denotes a covariance matrix
340/10.4 being the numerical sequence calculated by the second cal-
(58) Field of Classification Search .................... 455/39, culating unit, “”’ denotes a complex conjugate transposition,

455/41.1,41.2, 67.11, 69, 133, 150.1, 226.1, and “~” denotes an inverse matrix.
455/227, 229; 340/10.1, 10.4, 10.52, 10.42

See application file for complete search history. 4 Claims, 25 Drawing Sheets
1100 2100
RADIO TRANSMISSION STATION RADIO CONMUNICATION DEVICE
101a 201a
103 _10%a ? 2022 205 __ 206
COMMUN 1 CAT 1 ON Up — DONN CONTROL
GONTROL UNIT CONVERTER CONVERTER TRANSN 1SS |ON UNIT
101b ooTE $ ) GNAL
_102b qj 2020 | | EST I|J :ﬂme
AL R - potm rs
TRANSHISSION CONVERTER
STOP PERIOD
SETTING UNIT ' : 203
TRANSHISSION PATH
NEASURING UNIT
204

1500 UNNECESSARY $IGNAL

INTERFERENCE MEASLRING WIT
STATION
207 !

NON-TRANSMISS 1 ON

—> PER10D
DETECT ING UNIT I

M




US 7,899,401 B2
Page 2

FOREIGN PATENT DOCUMENTS

BB 2002-527995 8/2002
JP 10-4391 1/1998
JP 2001-94618 4/2001
JP 2003-124857 4/2003
JP 03/041300 5/2003
JP 2003-218831 7/2003
JP 2004-64130 2/2004
JP 2004-511957 4/2004
WO 00/22783 4/2000
WO WO 02/01825 3/2002
WO 02/32049 4/2002
WO 03/041300 5/2003
WO 03/063380 7/2003
OTHER PUBLICATIONS

Eduard A. Jorsweick et al., “Analysis of Multiuser MIMO systems
with MMSE Receiver based on Worst Case Noise”, in: 2004 ITG
Workshop on Smart Antennas, May 19, 2004, pp. 122-129.

P. W. Wolniansky et al., “V-BLAST: An Architecture for Realizing
Very High Data Rates Over the Rich-Scattering Wireless Channel”,
1998 IEEE, pp. 295-300.

Anass Benjebbour et al., “Comparison of Ordered Successive

Receiwvers for Space-Time Transmission”, 2001 IEEE, pp. 2053-
2057.

Eduard A. Jorsweick et al., “Analysis of Multiuser MIMO systems
with MMSE Receiver based on Worst Case Noise”, in: 2004 ITG
Workshop on Smart Antennas, May 19, 2004, pp. 122-129.

P. W. Wolniansky et al., “V-BLAST: An Architecture for Realizing
Very High Data Rates Over the Rich-Scattering Wireless Channel”,
1998 IEEE, pp. 295-300.

Anass Benjebbour et al., “Comparison of Ordered Successive
Receivers for Space-Time Transmussion™, 2001 IEEE, pp. 2053-
2057.

Yang, K. et al., Array Configuration Design for Space-1ime Adaptive
Processing Systems, IEEE (Aug. 6, 2002), pp. 145-148.

* cited by examiner



NOILVIS
EH\ELEELEIN]

US 7,899,401 B2

LINN ONIENSYIN
TWNDIS AUVSSIOINN

LINN ONIANSYIA

o HIVd NOISSIHSNVAL .
-
E
” N Y3LUIANG 43 L4IANOD
- NMOG 0
~ ONILVHILST | | 0T A azol
S . TND IS 0 4101
~ LINN NOISS I WSNVYL 43 14FANOD 43 L4IANOD LINN TOHINOO
E 041NOD NMOC dn NOI LV INNMOD
907 602 e202 fI\ ezol €01
2107 2101
391A30 NOILVOINNWKOD 01avY NOILVLS NOISSIWSNVYL 01avY
0002 0001

| D14

U.S. Patent



U.S. Patent Mar. 1, 2011 Sheet 2 of 25 US 7.899.401 B2

F1G. 2

TRANSMISSION PATH MATRIX CALCULATION PROCESS

S21

SIGNAL RECEIVED?

YES

S22

EXTRACTS TRAINING SIGNAL

FROM RECEIVED SI1GNAL

S23
OBTAIN TRANSMISSION PATH MATRIX BY

CALCULATING CORRELATION WITH TRAINING SIGNAL

524

OUTPUT OBTAINED TRANSMISSION PATH MATRIX



U.S. Patent Mar. 1, 2011 Sheet 3 of 25 US 7.899.401 B2

FIG. 3

COVARIANCE MATRIX CALCULATION PROGESS

531

MEASUREMENT START
INSTRUCTION RECGEIVED?

YES

532

CALCULATE COVARITANCE MATRIX

BASED ON RECEPTION SIGNAL,
AND OUTPUT RESULT FOR EACH CALGULATION

S33

MEASUREMENT END NO

INSTRUCT ION RECE IVED?

YES

S34

OUTPUT OBTAINED COVARIANCE MATRIX



U.S. Patent Mar. 1, 2011 Sheet 4 of 25 US 7.899.401 B2

FIG. 4

TRANSMISSION SIGNAL ESTIMATION PROCESS

S41

SIGNAL RECEIVED?

YES

S42

OBTAIN ESTIMATOR FOR
TRANSMISSION SIGNAL
BASED ON RECEIVED SIGNAL,
TRANSMISSION PATH MATRIX,
AND COVARIANGE MATRIX

543

OUTPUT OBTAINED ESTIMATOR



U.S. Patent Mar. 1, 2011 Sheet 5 of 25 US 7.899.401 B2
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FIG. 12
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1
RADIO COMMUNICATION DEVICE

TECHNICAL FIELD

The present invention relates to a radio communication
device for performing radio communications, and specifi-
cally to a technology for recerving a signal transmitted from a
radio transmission station using a plurality of antennas.

BACKGROUND ART

Some conventional communication systems using LAN
(Local Area Network) include such a radio communication
device that recetves a signal from a radio transmission station
via a plurality of antennas, and estimates a signal transmitted
from a radio transmission station, based on the received signal
and taking 1nto account the influence of noise generated 1n the
device (see Documents 1, 2).

Document 2 discloses a construction in which the proper-
ties of a signal reception method called V-BLAST have been
improved. The radio communication device recited 1 Docu-
ment 2 estimates a signal transmitted from a radio transmis-
s10n station, based on (1) a coellicient representing the trans-
mission properties ol a signal transmitted between the radio
communication device and the radio transmission station and
(2) a signal received by the radio communication device.
Here, the coellicient, which represents the transmission prop-
erties ol a signal transmitted 1n a radio communication
between the radio communication device and the radio trans-
mission station, 1s represented by a matrix. The matrix 1s
obtained by calculating a correlation between the signal
received by the radio communication device and a training,
signal that 1s contained 1n a signal transmitted from a radio
transmission station.

In this construction, 1f the training signal transmitted from
a radio transmission station 1s known, the radio communica-
tion device can obtain a matrix that represents the transmis-
sion properties of the signal transmitted via the radio com-
munication between the radio communication device and the
radio transmission station.

Document 1: P. W. Wolmansky et al., “V-BLAST: An
Architecture for Realizing Very High Data Rates Over the
Rich-Scattering Wireless Channel”, URSI International
Symposium on Signals, Systems, and Electronics, Septem-
ber-October, 1998

Document 2: Anass Benjebbour et al., “Comparison of
Ordered Successive Recervers for Space-Time Transmis-
sion”, Vehicular Technology Conterence, October, 2001

SUMMARY OF THE INVENTION

The Problems the Invention 1s Going to Solve

The above-described conventional construction, although
it can estimate a signal transmitted from a radio transmission
station by removing the influence of noise generated in the
device, has a problem that if there 1s an interference station
other than a radio transmission station with which the radio
communication device intends to communicate, 1t becomes
difficult for the radio communication device, by the intfluence
ol a signal received from the interference station, to accu-
rately estimate a signal transmitted from the radio transmis-
s10n station.

This 1s because 1n the above-described construction, when
the radio communication device estimates a signal transmit-
ted from a radio transmission station with which 1t intends to
communicate, the radio communication device does not take
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into account the influence of a signal recerved from the inter-
ference station, and because the signal recerved from the
interference station has far greater influence on the estimation
ol a signal transmitted from a radio transmission station than
the noise generated 1n the device.

The object of the present invention 1s therefore to provide
a radio communication device that estimates more accurately
than conventional technologies a signal transmitted from a
radio transmission station even if there 1s an interference
station that interferes with a radio communication between
the radio communication device and the radio transmission
station, and to provide a radio commumnication system com-
posed of a radio transmission station and the radio commu-
nication device.

Means to Solve the Problems

The above-described object 1s fulfilled by a radio commu-
nication device which identifies a radio transmission station
as a communication partner based on a patterned signal which
has a predetermined pattern and 1s contained 1n a signal trans-
mitted from the radio transmission station, and performs a
radio communication with the identified radio transmission
station, the radio communication device comprising: a plu-
rality of antennas; a signal receiving unit operable to receive
a signal via the plurality of antennas; a first calculating unit
operable to calculate, based on the recerved signal, a numeri-
cal sequence that indicates a property of a signal transmission
path used 1n a radio communication with the radio transmis-
s10on station; a second calculating unit operable to calculate,
based on the recerved signal, a numerical sequence that indi-
cates a property ol an unnecessary signal that 1s a component
of the received signal and does not have the predetermined
pattern; and a transmission signal estimating unit operable to
correct the recerved signal so as to be removed of the unnec-
essary signal based on the numerical sequence calculated by
the second calculating unit, and estimate a signal transmitted
from the radio transmission station based on the corrected
received signal and the numerical sequence calculated by the
first calculating unit, wherein the transmission signal estimat-
ing unit obtains an estimator “v” of “s” that denotes a column
vector representing a signal transmitted from the radio trans-
mission station, in accordance with a following expression:
v=RssH”(HRssH”+Ruu) 'r, wherein “Rss” denotes a cova-
riance matrix of the column vector ““s”, “r’’ denotes a column
vector representing the signal received by the signal recerving
umt, “H” denotes a matrix being the numerical sequence
calculated by the first calculating unit, “Ruu” denotes a cova-
riance matrix being the numerical sequence calculated by the

second calculating unit, ““”” denotes a complex conjugate
transposition, and “~'” denotes an inverse matrix.

EFFECTS OF THE INVENTION

The radio communication device of the present invention
with the above-described construction, in which 1t receives a
signal from the radio transmission station via a plurality of
antennas, can perform a stable communication even 1n a
communication environment including many obstacles, com-
pared with a case where only one antenna 1s used. In addition,
with the above-described construction, the radio communi-
cation device of the present invention can estimate a signal
transmitted from a radio transmission station by correcting,
the signal by removing the influence of the unnecessary signal
contained in the received signal. For example, if there 1s an
interference station that interferes with a radio communica-
tion with a desired radio transmission station, the radio com-
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munication device of the present invention calculates, by the
second calculating unit, a numerical sequence that indicates
the property of the signal transmitted from the interference
station, and corrects the recerved signal by removing the
influence of the signal transmitted from the interference sta-
tion.

In the above-stated radio communication device, when
clements of the column vector “s” are uncorrelated with each
other and when each of the elements has an equivalent aver-
age power that 1s denoted as “p”, the estimator “v” of the
column vector “s” may be obtained 1n accordance with a
following expression: v=H"”(HH”+(1/p)Ruu)™'r.

With the above-described construction, it 1s possible to
obtain an estimator of the signal transmitted from the radio
transmission station based on an expression that includes a
smaller amount of calculation of the product of a matrix,
when elements of the column vector s are uncorrelated with
cach other and when each of the elements has an equivalent
average power, and therefore 1t 1s possible to reduce the
amount of calculation required for the estimation of the trans-
mission signal.

In the above-stated radio communication device, the sec-
ond calculating unit may calculate the numerical sequence
based on a signal received 1n a predetermined period, the
signal receiving unit includes a down converter operable to
convert the signal received via the plurality of antennas into
an equivalent baseband signal, the transmission signal esti-
mating unit estimates the signal transmitted from the radio
transmission station based on the signal received 1n the pre-
determined period, and using the numerical sequence calcu-
lated by the second calculating unit, the radio communication
device further comprising a gain control unit operable to
control a gain of the down converter so that the down con-
verter has substantially a same gain in the predetermined
period and 1n a period during which the signal receiving unit
receives a signal that 1s input to the transmission signal esti-
mating unit for the signal estimation performed therein.

In the radio communication device with the above-de-
scribed construction, the second calculating umit calculates
the numerical sequence before the transmission signal esti-
mating unit estimates the transmission signal, so that the
transmission signal estimating unit can estimate the transmais-
sion signal using the numerical sequence calculated by the
second calculating unit. Also, the second calculating unit and
the transmission signal estimating umt perform a predeter-
mined process using an equivalent baseband signal that 1s a
result of a conversion by the down converter.

Meanwhile, if the gain of the down converters changes
during reception of a signal, the properties of the signal trans-
mission path used in a radio communication with the radio
transmission station change. Accordingly, 1f the gain of the
down converter 1s different between (1) the period during
which the second calculating unit calculates the numerical
sequence that indicates the property of the unnecessary signal
and (11) the period during which the transmission signal esti-
mating unit estimates the transmission signal, the correction
of the received signal by removing the unnecessary signal
based on the numerical sequence calculated by the second
calculating unit cannot be made appropriately when the trans-
mission signal estimating unit estimates the transmission sig-
nal.

However, the radio communication device with the above-
described construction can appropriately make the correction
of the recerved signal by removing the unnecessary signal
based on the numerical sequence calculated by the second
calculating unit when the transmission signal estimating unit
estimates the transmission signal. This 1s because the radio
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communication device with the above-described construc-
tion controls the gain of the down converter so that the down
converter has substantially the same gain (1) in the period
during which the second calculating unit calculates the
numerical sequence that indicates the property of the unnec-
essary signal and (11) 1n the period during which the transmis-
s10on signal estimating unit estimates the transmission signal.

In the above-stated radio communication device, the sec-
ond calculating unit may calculate the numerical sequence
based on a signal received 1n a predetermined period, the
signal receiving unit includes a down converter operable to
convert the signal recetved via the plurality of antennas into
an equivalent baseband signal, the transmission signal esti-
mating unit estimates the signal transmitted from the radio
transmission station based on the signal received 1n the pre-
determined period, and using the numerical sequence calcu-
lated by the second calculating unit, the radio communication
device further comprising a gain control unit operable to
correct, based on a first gain and a second gain, the numerical
sequence that 1s calculated by the second calculating unit and
indicates the property of the unnecessary signal, wherein the
first gain 1s a gain of the down converter 1n the predetermined
period, and the second gain 1s a gain of the down converter in
a period during which the signal recerving unit recerves a
signal that 1s 1nput to the transmission signal estimating unit
for the signal estimation performed therein.

In the above-stated radio communication device, the gain
control unit may perform the correction by obtaining “Ruu'
that denotes a numerical sequence resulted from the correc-
tion, 1n accordance with a {following expression:
Ruu'=C,C, "Ruu(C,C, )", wherein “C,” denotes the first
gain, “C,” denotes the second gain, “Ruu” denotes a covari-
ance matrix of the unnecessary signal calculated by the sec-
ond calculating unit in the predetermined period, ““* denotes
a complex conjugate transposition, and “~'” denotes an
inverse matrix.

With the above-described construction, the radio commu-
nication device corrects, based on the first gain and the second
gain, the numerical sequence that 1s calculated by the second
calculating unit and indicates the property of the unnecessary
signal, and estimates the transmission signal using the cor-
rected numerical sequence. This makes it possible to appro-
priately make the correction of the recerved signal by remov-
ing the unnecessary signal when the transmission signal
estimating unit estimates the transmission signal, even in a
case where the down converter has different gains (1) 1n the
period during which the second calculating unit calculates the
numerical sequence that indicates the property of the unnec-
essary signal and (11) 1n the period during which the transmis-
s10on signal estimating unit estimates the transmission signal.

The above-stated radio communication device may further
comprise a detecting unit operable to detect, based on the
received signal, whether no signal has been transmitted from
a radio communication device with which the radio commu-
nication device intends to communicate, wherein the second
calculating unit calculates the numerical sequence based on:
the received signal that 1s recetved within a predetermined
period after the detecting unit detects that no signal has been
transmitted; and the patterned signal.

In the above-stated radio communication device, the
detecting unit may perform the detection based on an ampli-
tude of the recerved signal.

In the above-stated radio communication device, the
detecting unit may perform the detection based on whether or
not the recerved signal contains the patterned signal.

The above-described object 1s also fulfilled by a radio
communication system comprising the radio communication
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device defined above and a radio transmission station that
performs a radio communication with the radio communica-
tion device, wherein the radio transmission station includes a
transmission stop period setting unit operable to set a trans-
mission stop period during which the radio transmission sta-
tion stops transmitting signals and does not perform the radio
communication with the radio communication device, and
alter the transmission stop period 1s set, transmission of sig-
nals 1s stopped during the set transmission stop period.

It 1s preferable that the numerical sequence indicating the
property of the unnecessary signal 1s calculated in a period
during which no signal 1s transmitted from the radio trans-
mission station with which the radio communication device
intends to communicate. However, 1n the radio communica-
tion device with the above-described construction, the second
calculating unit can calculate the numerical sequence after 1t
1s detected based on the recerved signal that the recerved
signal does not include a signal transmitted from the radio
communication device. This makes 1t possible to calculate
accurately the numerical sequence indicating the property of
the unnecessary signal.

The above-stated radio communication device may further
comprise a second judging unit operable to judge, based on
the recerved signal, whether or not an amplitude of the unnec-
essary signal 1s larger than a predetermined value, wherein the
second calculating unit calculates the numerical sequence
using a signal received 1n a period during which the second
judging unit judges that the amplitude of the unnecessary
signal 1s larger than the predetermined value.

In a period during which the interference by the interfer-
ence station 1s strong, there 1s high possibility that the esti-
mation performed by the transmission signal estimating unit
includes an error. However, the radio communication device
with the above-described construction judges that the inter-
terence by the interference station 1s strong when it judges
that the amplitude of the unnecessary signal 1s larger than the
predetermined value, and the second calculating unit calcu-
lates the numerical sequence indicating the property of the
unnecessary signal using a signal recerved 1n the period dur-
ing which the interference by the interference station 1is
strong. This construction reduces the maximum value of the
error contained 1n the estimator of the signal transmitted from
the radio transmission station.

The above-stated radio communication device may further
comprise: a judging unit operable to judge, based on a pat-
terned signal with a predetermined pattern contained in a
signal transmitted from an interference station being a radio
transmission station other than a radio transmission station
with which the radio communication device intends to com-
municate, whether or not the interference station 1s identifi-
able; and a transmission path measuring unit operable to, 1f
the judging unit judges that the interference station 1s 1denti-
fiable, calculate, based on an interference signal recerved
from the interference station and based on a patterned signal
contained 1n the interference signal, a numerical sequence
that indicates a property of a signal transmission path used in
a radio communication with the interference station, wherein
if the judging unit judges that the intertference station 1s 1den-
tifiable, the second calculating unit calculates the numerical
sequence mdicating the property of the unnecessary signal,
based on the numerical sequence calculated by the transmis-
s1on path measuring unit.

With the above-described construction, the radio commu-
nication device judges, based on the patterned signal with the
predetermined pattern contained in the signal transmitted
from the interference station, whether or not the interference
station 1s 1dentifiable, and 11 1t 1s judged that the interference
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station 1s 1dentifiable, the transmission path measuring unit
calculates the numerical sequence that indicates the property
of the signal transmission path used 1n the radio communica-
tion with the interference station.

After the calculation by the transmission path measuring
unit, the second calculating unit of the radio commumnication
device calculates the numerical sequence based on the
numerical sequence indicating the property of the signal
transmission path used in the radio commumnication with the
interference station, and based on the signal transmitted from
the interference signal. With this construction, 1t 1s possible to
calculate faster and more accurately the numerical sequence
indicating the property of the unnecessary signal, compared
with the case where the covariance matrix Ruu 1s calculated
after the unnecessary signal 1s measured.

The above-described object 1s also fulfilled by a radio
communication system comprising the above-defined radio
communication device and a radio transmission station that
performs a radio communication with the radio communica-
tion device, wherein the radio communication device
includes a transmission stop request transmitting unit oper-
able to transmit a transmission stop request signal, which
requests to stop transmitting signals for a predetermined
period, to the radio transmission station, the radio transmis-
s1on station includes: a receiving unit operable to receive a
signal; and a control unit operable, 1f the receiving unit
receives the transmission stop request signal, to perform a
control so that transmission of signals 1s stopped for a prede-
termined period, wherein 1f the transmission stop request
transmitting unit transmits the transmission stop request sig-
nal, the second calculating unit calculates the numerical
sequence using a signal recerved 1n the predetermined period.

In the above-stated radio communication system, the trans-
mission stop request transmitting umit may transmit the trans-
mission stop request signal that includes stop period informa-
tion indicating a period for which transmission of signals 1s
stopped, the control unit performs the control based on the
stop period information, and the second calculating unit cal-
culates the numerical sequence using a signal received 1n the
period indicated by the stop period imnformation.

In the above-stated radio communication system, the trans-
mission stop request transmitting unit may transmait the trans-
mission stop request signal that includes transmission
resumption timing information indicating a timing at which
transmission of signals by the radio transmission station 1s
resumed, the control unit performs the control based on the
timing indicated by the transmission resumption timing infor-
mation, and the second calculating unit calculates the numerti-
cal sequence using a signal received in a period that extends
from the transmission of the transmission stop request signal
to the timing indicated by the transmission resumption timing
information.

In the above-stated radio communication system, the trans-
mission stop request transmitting unit may include a release
signal transmitting unit operable to, if the second calculating,
unit calculates the numerical sequence after the transmission
of the transmission stop request signal, transmit to the radio
transmission station a release signal that requests to release
stoppage of signal transmission by the radio transmission
station, and the control unit releases the stoppage of signal
transmission when the receiving unit receives the release
signal.

With the above-described construction in which the radio
communication device transmits the transmission stop
request signal, which requests to stop transmitting signals, to
the radio transmission station, and upon receiving the trans-
mission stop request signal, the radio transmission station
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stops transmitting signals for the predetermined period, the
radio communication device calculates the numerical
sequence based on the unnecessary signal on the presumption
that 1t does not recerve a signal from the radio transmission
station for the predetermined period. This makes 1t possible to
calculate the numerical sequence based on the unnecessary
signal accurately.

In the above-stated radio communication device, the sec-
ond calculating unit may include a calculating unit operable
to calculate the numerical sequence indicating the property of
the unnecessary signal, based on the recerved signal, the
signal estimated by the transmission signal estimating unit,
and the numerical sequence calculated by the first calculating
unit, and the transmission signal estimating unit corrects the
received signal so as to be removed of the unnecessary signal
based on the numerical sequence calculated by the calculat-
ing unit, and performs the estimation based on the corrected
received signal and the numerical sequence calculated by the
first calculating uniat.

With the above-described construction in which each time
the radio communication device receives a signal and the
transmission signal estimating unit estimates a signal, the
radio communication device calculates the numerical
sequence 1ndicating the property of the unnecessary signal
and then estimates a signal using the calculated numerical
sequence, 1t 1s possible for the radio communication device to
correct the transmission signal so as to be removed of the
influence of the interference, following the change of the
influence of the interference, even in the case where the
influence of the interference by the interference station
changes greatly.

The above-stated radio communication device may further
comprise: a detecting unit operable to detect a modulation
level of a multilevel modulation of a signal transmitted by the
radio transmission station; a multilevel modulation level
judging unit operable to judge whether or not the detected
modulation level 1s smaller than a predetermined value; and a
calculating unit controlling unit operable to, if the multilevel
modulation level judging unit judges that the detected modu-
lation level 1s smaller than the predetermined value, control
the calculating unit to calculate the numerical sequence.

With the above-described construction, upon receiving
from the radio transmission station a signal containing signals
having both small and great modulation levels of the multi-
level modulation, the radio communication device calculates
the numerical sequence indicating the property of the unnec-
essary signal, using a signal having a small modulation level
of the multilevel modulation. For example, 1n the case where
a transmission signal includes both a 64-QAM signal and a
16-QAM signal, the radio communication device calculates
the numerical sequence indicating the property of the unnec-
essary signal, using the 16-QAM signal.

In general, the smaller the modulation level of the multi-
level modulation 1s, the smaller the error of the estimator for
a transmission signal 1s. Accordingly, it 1s possible to reduce
the error of the obtained numerical sequence indicating the
property of the unnecessary signal, by calculating the numerti-
cal sequence using a signal having a small modulation level of
the multilevel modulation, not using a signal having a great
modulation level of the multilevel modulation.

In the above-stated radio communication device, the signal
transmitted by the radio transmission station may be a ire-
quency-division multiplex signal, the signal receiving unit
receives the frequency-division multiplex signal, the first cal-
culating unit and the second calculating umit calculates the
numerical sequence in correspondence with each frequency
component of the frequency-division multiplex signal, and
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the transmission signal estimating unit performs the estima-
tion 1n correspondence with each frequency component of the
frequency-division multiplex signal.

In the above-stated radio communication device, the fre-
quency-division multiplex signal may be an OFDM signal.

In the above-stated radio communication device, the fre-
quency-division multiplex signal may be a wavelet signal.

With the above-described construction, it 1s possible to
estimate a transmission signal more accurately than conven-
tional technologies even 11 the signal transmitted by the radio
transmission station 1s a frequency-division multiplex signal.
This makes 1t possible to achieve a radio communication
device that has the anti-multipath property and the anti-inter-
ference property, where these properties are required 1n radio
communications performed with the frequency division mul-
tiplex method.

The above-stated radio communication device may further
comprise: a reliability evaluating unit operable to calculate a
residual error contained in the signal estimated by the trans-
mission signal estimating unit, based on the numerical
sequence calculated by the first calculating unit and the
numerical sequence calculated by the second calculating unat.

In the above-stated radio communication device, the reli-
ability evaluating unit may obtain an estimator “z[k]” of a
residual error corresponding to a k” element of “v”, in accor-
dance with a following expression: z[k]|=(W[k|H-I, Jk]|)Rss
(HYW[k]7-1, [kIH+W[k]JRuuW[k]”, wherein “W” is
obtained i1n accordance with a following expression:
W=RssH”(HRssH"“+Ruu)™'r, wherein “s” denotes a column
vector representing a signal transmitted from the radio trans-
mission station, “Rss” denotes a covariance matrix of the
column vector “s”, “r” denotes a column vector representing
the signal recerved by the signal receiving unit, “H” denotes a
matrix being the numerical sequence calculated by the first
calculating unit, “Ruu” denotes a covariance matrix being the
numerical sequence calculated by the second calculating unat,
“v” denotes a column vector representing, by an equivalent
baseband system, an estimator obtained by the transmission
signal estimating unit, a dimension of the column vector “s”
is represented as “Mx1”, “/*” denotes a complex conjugate
transposition, “~ " denotes an inverse matrix, wherein W[Kk]
represents a row vector of a k” row when W represents a
matrix; W[k] represents a k” element of W when W repre-
sents a column vector; 1, [k] represents a row vector of a k™
row 1n an MxM unit matrix when M 1s 2 or more; and I, k]
represents 1 when M 1s 1.

In the above-stated radio communication device, the reli-
ability evaluating unit may obtain an estimator “z[k]” of a
residual error corresponding to a k” element of “v”, in accor-
dance with a following expression: z[k]=p(W[k]H-I, [k])
HW[k]7-1, [k +W[k]JRuuWI[k]”, wherein “W” is
obtained 1n accordance with a following expression when
clements of a transmission signal s are uncorrelated with
cach other and when each element has an equivalent average
power that is denoted as “p”: W=H"(HH"+(1/p)Ruu)’,
wherein “s” denotes a column vector representing a signal
transmitted from the radio transmission station, “Rss”
denotes a covariance matrix of the column vector s, “r”
denotes a column vector representing the signal recerved by
the signal recerving umit, “H” denotes a matrix being the
numerical sequence calculated by the first calculating unat,
“Ruu” denotes a covariance matrix being the numerical
sequence calculated by the second calculating unit, “v”
denotes a column vector representing, by an equivalent base-
band system, an estimator obtained by the transmission signal
estimating unit, a dimension of the column vector s 1s

represented as “Mx1”, ““”” denotes a complex conjugate
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transposition, “~ "’ denotes an inverse matrix, wherein W[Kk]
represents a row vector of a k”” row when W represents a
matrix; W[k] represents a k” element of W when W repre-
sents a column vector; 1, [k] represents a row vector of a k™
row 1n an MxM unit matrix when M 1s 2 or more; and I, K]
represents 1 when M 1s 1.

In the radio communication device with the above-de-
scribed construction, the reliability evaluating unit calculates
the residual error contained in the signal estimated by the
transmission signal estimating unit.

In general, the greater the residual error 1s, the greater the
error of the estimator for a transmission signal 1s.

Accordingly, 1t 1s possible for the radio communication
device, by using the residual error contained 1n the estimated
signal, to, for example, judge whether or not the estimated

signal has suificient reliability for use 1n the radio communi-
cation.

The above-stated radio communication device may further
comprise an error correcting unit operable to correct an error
included 1n the signal estimated by the transmission signal
estimating unit, based on the signal estimated by the trans-
mission signal estimating unit and based on the residual error
calculated by the reliability evaluating unat.

With the above-described construction, the error correct-
ing unit refers to the residual error when 1t corrects the error
included 1n the estimated signal. This improves the error
correction ability of the error correcting unit, compared with
the case where the error correcting unit does not have infor-
mation on the residual error to refer to.

The improvement of the error correction ability can be
achieved by, for example, a construction 1n which when the
residual error 1s great, namely, when the error of the estimated
signal 1s great, the estimator of the signal 1s disregarded; and
when the residual error 1s small, namely, when the error of the
estimated signal 1s small, the importance of the estimator of
the signal 1s stressed.

In the above-stated radio communication device, the error
correcting unit may perform the correction in accordance
with an mmverse of a square root of the residual error.

With the above-described construction, 1t 1s possible to
improve the error correction ability of the error correcting
unit 1 the case where the error correction ability can be
improved when the amplitude of the residual error of the
estimated signal 1s constant.

BRIEF DESCRIPTION OF THE DRAWING

FI1G. 1 1s a Tunctional block diagram of the radio commu-
nication system in Embodiment 1 of the present invention.

FI1G. 2 1s a flowchart showing the process of calculating the
transmission path matrix H, performed by the transmission
path measuring unit 203.

FIG. 3 1s a flowchart showing the process of calculating the
covariance matrix Ruu of the unnecessary signal, performed
by the unnecessary signal measuring unit 204.

FIG. 4 1s a flowchart showing the process of estimating a
signal transmitted from the radio transmission station 1000,
performed by the transmission signal estimating unit 205.

FI1G. 5 1s a flowchart showing the process of correcting the
covariance matrix Ruu using the gain of the down converters

202, performed by the transmission signal estimating unit
205.

FI1G. 6 1s a Tunctional block diagram of the radio commu-
nication system in Embodiment 2 of the present invention.

FI1G. 7 1s a flowchart showing the process of controlling the
unnecessary signal measuring unmt 204 based on the detection
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result of the non-transmission period detecting unit 207, per-
formed by the control unit 206.

FIG. 8 1s a flowchart showing the process of controlling the
signal transmission based on the transmission stop period set
by the transmission stop period setting unit 104, performed by
the communication control unit 103.

FIG. 9 1s a functional block diagram of the radio commu-
nication system in Embodiment 3 of the present invention.

FIG. 10 1s a flowchart showing the process of controlling
the unnecessary signal measuring unit 204 based on the
detection result of the strong interference period detecting
unit 208, performed by the control unit 206.

FIG. 11 1s a functional block diagram of the radio commu-
nication system in Embodiment 4 of the present invention.

FIG. 12 1s a flowchart showing the process of calculating
the covariance matrix Ruu of the unnecessary signal, per-
tormed by the unnecessary signal measuring unit 210.

FIG. 13 1s a functional block diagram of the radio commu-
nication system in Embodiment 5 of the present invention.

FIG. 14 1s a flowchart showing the process of transmitting,
the transmission stop request signal, performed by the trans-
mission stop request transmitting unit 211.

FIG. 15 1s a flowchart showing the process of controlling
the unnecessary signal measuring unit 204, performed by the
control unit 206 in Embodiment 5.

FIG. 16 1s a flowchart showing the process of controlling
the signal transmission based on the transmission stop request
signal, performed by the communication control unit 103 of
the radio transmission station 1200.

FIG. 17 1s a flowchart showing the process 1n the case
where the release signal 1s transmitted, performed by the
control unit 206. Description of the same steps as those 1n
FIG. 15 1s omitted, where the same steps are indicated by the
same reference signs.

FIG. 18 1s a flowchart showing the process of controlling
the signal transmission based on the release signal, performed
by the commumnication control unit 103 of the radio transmis-
s1on station 1200.

FIG. 19 1s a functional block diagram of the radio commu-
nication system in Embodiment 6 of the present invention.

FIG. 20 1s a flowchart showing the process of calculating
the covariance matrix Ruu of the unnecessary signal, per-
formed by the unnecessary signal measuring unit 212.

FIG. 21 1s a flowchart showing the process of controlling
the unnecessary signal measuring unit 212 based on the
detected modulation level of the multilevel modulation, per-
formed by the control unit 206.

FIG. 22 1s a functional block diagram of the radio commu-
nication system in Embodiment 7 of the present invention.

FIG. 23 1s a functional block diagram of the radio commu-
nication system in Embodiment 2 of the present invention.

FIG. 24 1s a flowchart showing the process performed by
the reliability evaluating unit 213.

FIG. 25 1s a flowchart showing the process performed by
the error correcting unit 214.

DESCRIPTION OF CHARACTERS

101 antennas

102 up converters

103 communication control unit

104 transmission stop period setting unit
105 transmission stop request receiving unit
201 antennas
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-continued
202 down converters
203 transmission path measuring unit
204 unnecessary signal measuring unit
203 transmission signal estimating unit
206 control unit
207 non-transmission period detecting unit
208 strong interference period detecting unit
209 interference transmission path measuring unit
210 unnecessary signal measuring unit
211 transmission stop request transmitting unit
212 unnecessary signal measuring unit

DETAIL DESCRIPTION OF THE INVENTION

The following will describe embodiments of the present
invention with reference to the attached drawings.

Embodiment 1

FIG. 1 1s a functional block diagram of the radio commu-
nication system in Embodiment 1 of the present invention. As
shown in FIG. 1, the radio communication system in Embodi-
ment 1 includes a radio transmission station 1000, a radio
communication device 2000, and an interference station

1500.

The radio transmission station 1000 and the radio commu-
nication device 2000 perform a radio communication in
accordance with a specified protocol. The radio communica-
tion system of the present invention may be achieved as, for
example, a wireless LAN system that performs a radio com-

munication by a communication method specified in
IEEES02.11n.
<Radio Transmission Station>

As shown 1n FIG. 1, the radio transmission station 1000
includes antennas 101 (antenna 100q, antenna 1015, . .. ), up
converters 102 (up converter 102a, up converter 1025, . . . ),
and a communication control unit 103.

The radio transmission station 1000 includes M number of
antennas 101 and M number of up converters 102. The M
number of antennas 101 correspond to the M number of up
converters 102 on a one-to-one basis. The antennas 101 trans-
mit signals, which are input from the up converters 102, into
the air. Here, “M” 1s integer 1 or more.

The M number of up converters 102 convert transmission
signals, which are represented by an equivalent baseband
system, to high-frequency signals, amplify the power of the
signals to such a level that 1s enough to perform a radio
communication with a radio communication device, and out-
put the high-frequency signals to the antennas 101.

The communication control unit 103 includes a CPU (Cen-
tral Processing Unit), a ROM (Read Only Memory), a RAM
(Random Access Memory), and a modulation/demodulation
circuit, and performs a process of controlling a radio commu-
nication with a radio communication device, 1n accordance
with a program stored in the ROM.

It should be noted here that a signal transmitted by the
communication control unit 103 via the antennas 101
includes a training signal of a predetermined pattern, and the
radio communication device 2000 1dentifies a radio transmis-
s1on station 1000 being a commumnication partner, based on
the training signal.
<Interference Station>

The interference station 1500 has a construction that 1s
unknown to the radio communication device 2000, and trans-
mits an interference signal, which interferes with the radio
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communication between the radio transmission station 1000
and the radio communication device 2000.
<Radio Communication Device>

The radio communication device 2000 1dentifies a radio
transmission station being a communication partner, based on
(1) the training signal of a predetermined pattern contained 1n
a signal transmitted from the radio transmission station 1000,
and (11) the address information unique to the radio transmis-
s1on station 1000, and performs a radio communication with
the 1dentified radio transmission station 1000.

As shown 1n FIG. 1, the radio communication device 2000
includes antennas 201 (antenna 201q, antenna 2015, . . . ),
down converters 202 (down converter 202a, down converter
202H, . . . ), a transmission path measuring unit 203, an
unnecessary signal measuring umt 204, a transmission signal
estimating unit 205, and a control unit 206.

The radio communication device 2000 includes N number
of antennas 201 and N number of down converters 202. The N
number of antennas 201 correspond to the N number of down
converters 202 on a one-to-one basis. The antennas 201
receive signals, and output the recerved signals to the down
converters 202. Here, “N” 1s integer 2 or more.

The N number of down converters 202 convert the high-
frequency signals received via the antennas 201 into signals
represented by the equivalent baseband system. The down
converters 202 output the converted equivalent baseband sig-
nals to the transmission path measuring unit 203, the unnec-
essary signal measuring unit 204, and the transmission signal
estimating unit 205.

The transmission path measuring unit 203 1s an integrated
circuit that calculates a transmission path matrix that indi-
cates properties of a signal transmission path used 1n a radio
communication with the radio transmission station 1000. The
transmission path measuring unit 203 1s provided with a
memory for storing preliminarily the signal with the prede-
termined pattern contained in the signal transmitted from the
radio transmission station 1000. After recerving a signal out-
put from a down converter 202, the transmission path mea-
suring unit 203 extracts the signal with the predetermined
pattern from the received signal, and obtains a transmission
path matrix H by calculating a correlation between the signal
with the predetermined pattern and the preliminarily stored
signal. The transmission path measuring unit 203 outputs the
obtained transmission path matrix H to the transmission sig-
nal estimating unit 205.

The unnecessary signal measuring unit 204 is an integrated
circuit that calculates a covariance matrix of an unnecessary
signal. It should be noted here that an unnecessary signal 1s
composed of the following components of a received signal:
(1) a component that was transmitted from the interference
station 1500 and recerved by the radio communication device
2000; and a component that was intluenced by a noise gen-
erated 1n the radio communication device 2000. The unnec-
essary signal measuring unit 204, under the control of the
control unit 206, performs a process of calculating a covari-
ance matrix Ruu at a predetermined timing. The unnecessary
signal measuring unit 204 outputs the obtained covariance
matrix Ruu to the transmission signal estimating unit 205.

The transmission signal estimating unit 2035 1s an 1inte-
grated circuit that performs a process of estimating a signal
transmitted from the radio transmission station 1000. The
transmission signal estimating unit 205 1s provided with a
memory for storing the transmission path matrix H output
from the transmission path measuring unit 203, and amemory
for storing the covariance matrix Ruu of the unnecessary
signal output from the unnecessary signal measuring unit
204, and obtains an estimator for a signal transmitted from the
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radio transmission station 1000, 1n accordance with a prede-
termined expression, based on the transmission path matrix
H, covariance matrix Ruu, and the signal output from the
down converters 202. The transmission signal estimating unit
205 outputs the obtained estimator for a transmission signal
to the control unit 206.

The control unit 206 includes a CPU, ROM, and RAM,
receives an estimator for a transmission signal from the trans-
mission signal estimating unit 205, and controls a radio com-
munication with the radio transmission station 1000, based on
a program stored 1in the RAM.

The control unit 206 also controls the timing at which the
unnecessary signal measuring unit 204 calculates the covari-
ance matrix Ruu of the unnecessary signal, by transmitting a
measurement start instruction signal and a measurement end
instruction signal to the unnecessary signal measuring unit
204 to cause 1t to start and end the calculation of the covari-
ance matrix Ruu, respectively.
<Operation™>

The radio commumication device 2000 operates as follows.
<Transmission Path Matrix Calculation Process>

FI1G. 2 1s a flowchart showing the process of calculating the
transmission path matrix H, performed by the transmission
path measuring unit 203.

As shown 1n FIG. 2, upon receiving a signal from the down
converters 202 (YES 1n step S21), the transmission path mea-
suring unit 203 extracts a training signal from the received
signal (step S22).

The transmission path measuring unit 203 then obtains a
transmission path matrix H, which indicates the properties of
the s1ignal transmission path used 1n the radio communication
with the radio transmission station 1000, by calculating a
correlation between the extracted training signal and the sig-
nal with the predetermined pattern preliminarily stored in the
memory (step S23). The transmission path measuring unit
203 outputs the obtained transmission path matrix H to the
transmission signal estimating unit 205 (step S24), and waits
until another signal 1s received (NO 1n step S21).

By operating as described above, the transmission path
measuring unit 203 calculates the transmission path matrix H
cach time it recerves a signal, and outputs the calculated
transmission path matrix H to the transmission signal esti-
mating unit 203.
<Covarnance Matrix Calculation Process>

Next, how the unnecessary signal measuring unit 204 oper-
ates will be described.

The unnecessary signal measuring unit 204 starts calculat-
ing the covariance matrix Ruu of the unnecessary signal as 1t
receives the measurement start instruction signal from the
control unit 206, and ends the calculation as 1t recerves the
measurement end instruction signal.

FI1G. 3 1s a flowchart showing the process of calculating the
covariance matrix Ruu of the unnecessary signal, performed
by the unnecessary signal measuring unit 204.

As shown 1n FIG. 3, upon receiving a measurement start
instruction signal from the control unit 206 (YES 1n step S31),
the unnecessary signal measuring unit 204 calculates the
covariance matrix Ruu of the unnecessary signal based on the
reception signal output from the down converters 202, and
outputs the calculated covariance matrix Ruu to the transmis-
sion signal estimating unit 205, for each calculation (step
S32).

The unnecessary signal measuring unit 204 continues the
calculation and the outputting (step S32) until it recerves the
measurement end instruction signal from the control unit 206
(NO 1n step S33). Upon recerving the measurement end
instruction signal from the control unit 206 (YES in step S33),
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the unnecessary signal measuring unit 204 obtains a covari-
ance matrix Ruu by completing the calculation that was being
performed when the measurement end instruction signal was
received, and outputs the obtained covariance matrix Ruu to
the transmission signal estimating unit 205 (step S34), and
waits until another measurement start instruction signal 1s

received (NO 1n step S31).
<Transmission Signal Estimation Process>

The transmission signal estimating umt 205 receives and
stores 1n the memory the transmission path matrix H output
from the transmission path measuring unit 203 and the cova-
riance matrix Ruu of the unnecessary signal output from the
unnecessary signal measuring unit 204, and each time a value
of the transmission path matrix H or the covariance matrix
Ruu 1s output, the transmission signal estimating unmt 205
overwrites a corresponding value 1n the memory with the
newly output value.

FIG. 4 1s a flowchart showing the process of estimating a
signal transmitted from the radio transmission station 1000,
performed by the transmission signal estimating unit 205.

As shown in FIG. 4, upon recerving a signal from the down
converters 202 (YES 1n step S41), the transmission signal
estimating unit 205 obtains an estimator for a signal transmiut-
ted from the radio transmission station 1000 by performing a
calculation in accordance with a predetermined expression
that will be explained later, based on the recerved signal, the
transmission path matrix H, and covariance matrix Ruu (step
S42). The transmission signal estimating unit 203 outputs the
obtained estimator for the transmission signal to the control

umt 206 (step S43), and waits until another signal 1s recerved
(NO 1n step S41).

Here will be explained the predetermined expression thatis
used 1n estimating a signal transmitted from the radio trans-
mission station 1000.

In the expression, s’ represents a column vector that rep-
resents a signal transmitted from the radio transmission sta-
tion 1000, “Rss” represents a covariance matrix of “s”, “r”
represents a column vector thatrepresents an equivalent base-
band signal converted from the reception signal by the down
converters 202, “H” represents a transmission path matrix
that indicates properties of a signal transmission path includ-
ing the up converters 102 and the down converters 202, and
“Ruu” represents a covariance matrix that is output by the
unnecessary signal measuring unit 204 and held by the trans-
mission signal estimating unit 205. Also, the sign ““” repre-
sents a complex conjugate transposition, and the sign “~'”
represents an inverse matrix. It should also be noted that
s=Mx1 vector, —=Nx1 vector, H=NxM matrix, and v=Mx]1
vector.

Under these conditions, the transmission signal estimating
unit 2035 obtains estimator “v” for transmission signal “s” in
accordance with the following expression.

v=RssH" (HRssH?+Ruu)™'r [Expression 1]

-

T'he following 1s explanation of [Expression 1].
The [Expression 1] 1s used to obtain the minimum mean
squared error of transmission signal “s” for estimator “v”’.
Here, how to derive [Expression 1] will be described 1n the
following, where “x” represents a column vector that repre-
sents a signal transmitted from the interference station 13500,
“G” represents a transmission path matrix that indicates prop-
erties ol a signal transmission path from the interference
station 1500 to the radio communication device 2000 includ-
ing the down converters 202, “n” a noise that

n’ represents
occurs in the down converters 202, and “u” represents a
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unnecessary signal component of a recerved signal. It should
also be noted that x=Lx1 vector, G=NxL matrix, and u=Nx1
vector.

The reception signal “r” 1s represented by the following
expression [Expression 2].

r=Hs+Gx+n [Expression 2]

The estimator “v” 1s obtained by the following expression
| Expression 3].

V=Wr

It should be noted here that W=MxN matrix.

The mean squared error “e€” of transmission signal “s” for
estimator “v’” 1s represented by the following expression [Ex-
pression 4].

[Expression 3]

e=E[(v—s)7(v-5)] [Expression 4]

Here, “E” represents an expected value.
If the above-described [Expression 2], [Expression 3], and

| Expression 4] are modified under the condition that the mean
squared error “€” 1s the minimum value thereot, value “W” 1s
obtained by the following expression [Expression 5].

W=RssH?(HRssH? +GRxxG"+ql,,) 'r [Expression 3]

In this expression, “Rxx” represents a covariance matrix of
“X”, “q” represents an average power ol the noises corre-
sponding to antennas and down converters 202 1n one system,
and “I,;” represents a unit matrix of NxM.

Here, unnecessary signal “u” 1s represented by the follow-

ing expression [Expression 6].

u=Gx+n [Expression 6]

Hence, covariance matrix “Ruu’ of unnecessary signal “u”™
1s represented by the following expression [Expression 7].

Ruu = E[(Gx + n)(Gx + )] [Expression 7]

= E[Gxx" G" + E[nn™]

= GRxxG" +gI}

The following expression [Expression 8] 1s obtained from
| Expression 7] and [Expression 5].

W=RssH?(HRssH” +Ruu)™ [Expression &]

Lastly, the expression [Expression 1] 1s obtained from [Ex-
pression 8] and [Expression 3].

It should be noted here that 1n regards with [Expression 1],
“Rss” can be obtained from the statistical characteristics of
the transmission signal “s”, and as “H”, the transmission path
matrix H, which 1s output from the transmission path mea-
suring unit 203 and stored 1n the memory of the transmission
signal estimating unit 205, 1s used.

The expression “Rss=pl, /” 1s true when the elements of the
transmission signal “s” are uncorrelated with each other and
when each element has an equivalent average power that 1s
represented as “p”. In this case, [Expression 1] can be modi-
fied as the following [Expression 9], and the transmission
signal estimating unit 205 can estimate a transmission signal

in accordance with [Expression 9].

v=HA(HH?+(1/p)Ru) 7 [Expression 9]

<(ain Correction Process>

The radio commumnication device 2000 needs to prelimi-
narily calculate the covariance matrix Ruu in accordance with
the unnecessary signal u before the transmission signal esti-
mating umt 205 estimates a transmission signal using the
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above-described [Expression 1] or [Expression 9]. Accord-
ingly, the unnecessary signal measuring unit 204 1s caused to
calculate the covariance matrix Ruu before a radio commu-
nication with the radio transmission station 1000 1s started,
and the estimation of the transmission signal 1s performed
after the radio communication with the radio transmission
station 1000 1s started.

Meanwhile, the transmission path matrix H included 1n the
above-described [Expression 1] and [Expression 9] i1s a
matrix that indicates the properties of the signal transmission
path including the down converters 202 that 1s used 1n the
radio communication between the radio transmission station
1000 and the radio communication device 2000.

Accordingly, 1f the gamn of the down converters 202
changes during reception of a signal, the properties of the
signal transmission path change.

Accordingly, 11 the gain of the down converters 202 1s
different between the period during which the unnecessary
signal measuring unit 204 calculates the covariance matrix
Ruu and the period during which the transmaission signal
estimating unit 203 estimates a transmission signal, the trans-
mission path matrix indicating the properties of the signal
transmission path 1s also different between the periods. When
this happens, the value of the covariance matrix Ruu may not
be appropriate in the period during which the transmission
signal estimating umt 205 estimates a transmission signal.

To address this problem, the radio communication device
2000 of the present invention corrects the covariance matrix
Ruu using the gain of the down converters 202 1n each of the
above-described two periods, so that the transmission signal
estimating unit 205 can estimates a transmission signal using
the corrected value.

The following explains the expressions used for correcting,
the covariance matrix Ruu using the gain of the down con-
verters 202 1n each of the periods.

In the following expressions, “H,” represents a matrix that
indicates a signal transmission path from the radio transmis-
s1on station 1000 to the down converters 202, “G,” represents
a matrix that indicates a signal transmission path from the
interference station to the down converters 202, “C,” repre-
sents a gain of the down converters 202 1n the period during
which the unnecessary signal measuring unit 204 calculates
the covariance matrix Ruu, “n,” represents a noise converted
into the mput of the down converters 202, “r,” represents a
received signal, “C,” represents a gain of the down converters
202 in the period during which the transmission signal esti-
mating unit 205 estimates a transmission signal, “n,” repre-
sents a noise converted 1nto the mput of the down converters
202, and “r,” represents a recerved signal.

The values “r,” and “r,” are represented by the following
expressions [Expression 10] and [Expression 11], respec-
tively.

1 =C(Ggx+ny) [Expression 10]

ro=C5(Hys+Gox+#5) [Expression 11]

The covariance matrix Ruu 1s represent by the following

expression [ Expression 12] that 1s obtained from [ Expression
10].

Ruu=C(GoRxx G +E fn 1 7NC, 7 [Expression 12]

On the other hand, a covariance matrix Ruu', which 1s

intended to be used 1n the period during which the transmis-
s10n signal 1s estimated, 1s represent by the following expres-
sion [Expression 13].

Rut'=C5(GRxxGg +E[non," N C [Expression 13]
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Here, on the assumption that the difference between the
variance of n, and the variance of n, 1s small, the covariance
matrix Ruu' 1s represented by the following expression [Ex-
pression 14] that 1s obtained from [Expression 12] and [Ex-
pression 13].

Ruu'=C5C, 'Ruu(C,C, H? [Expression 14]

By correcting the covariance matrix Ruu as explained
above, the transmission signal estimating unit 205 can use the
covariance matrix Ruu' represented by [Expression 14],
instead of using the covariance matrix Ruu. This enables the
estimation of transmission signal to be performed correctly.

The following describes a process performed by the radio
communication device 2000 to correct the covariance matrix
Ruu using the above-described expressions for the correction.

The transmission signal estimating unit 205 receives a
value indicating the gain of the down converters 202 from the
down converters 202, and outputs the received value to the
control unit 206.

The control unit 206, having received the value indicating,
the gain of the down converters 202 from the transmission
signal estimating unit 205, obtains another value indicating
the gain of the down converters 202 1n the period during
which the unnecessary signal measuring unit 204 calculates
the covariance matrix Ruu, and outputs the obtained value to
the transmission signal estimating unit 205.

The transmission signal estimating unit 203 receives from
the control unit 206 the value indicating the gain of the down
converters 202 1n the period during which the unnecessary
signal measuring unit 204 calculates the covariance matrix
Ruu, and stores the recerved value of the gain 1n the memory.

FI1G. 5 1s a flowchart showing the process of correcting the
covariance matrix Ruu using the gain of the down converters
202, performed by the transmission signal estimating unit
205.

As shown 1n FIG. 5, upon receiving a signal from the down
converters 202 (YES 1n step S51), the transmission signal
estimating unit 205 corrects the covariance matrix Ruu to
obtain the corrected covariance matrix Ruu' in accordance
with the above-described [Expression 14] using the stored
covariance matrix Ruu, the gain of the down converters 202 1n
the period during which the covariance matrix Ruu is calcu-
lated, and the gain of the down converters 202 1n the period
during which a transmission signal 1s estimated (step S52).

After this, the transmaission signal 1s estimated based on the
received signal, the transmission path matrix H, and the cor-
rected covariance matrix Ruu'.

The estimator obtained from the estimation of the trans-
mission signal 1s output to the control unit 206 (step S54), and
waits until another signal 1s recerved (NO 1n step S51).

Embodiment 2

Next, another embodiment of the present invention will be
described with reference to the attached drawings.
<Construction>

FIG. 6 1s a functional block diagram of the radio commu-
nication system in Embodiment 2 of the present mnvention.

The radio communication system shown in FIG. 6 1s dif-
terent from that i1n Embodiment 1 in that the radio transmis-
s1on station additionally includes a transmission stop period
setting unit 104 and that the radio commumnication device
additionally includes a non-transmission period detecting
unit 207. Description of the same components as those in
Embodiment 1 will be omitted, and the differences from
Embodiment 1 will be focused 1n the following description.
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<Radio Transmission Station>

A radio transmission station 1100 includes the transmis-
s10n stop period setting unit 104.

The transmission stop period setting unit 104 1s a circuit
that transmits a predetermined signal and sets a transmission
stop period during which the radio transmission station 1106
stops transmitting signals. The transmission stop period 1s set
to, for example, 40 micro seconds. After setting the transmis-
s10n stop period, the transmission stop period setting unit 104
notifies the communication control unit 103 of the set trans-
mission stop period by outputting a signal.

The communication control unit 103, after the transmis-
sion stop period setting unit 104 sets the transmission stop
period and outputs a predetermined signal, receives the out-
put predetermined signal and controls the radio communica-
tion with a radio communication device 2100 so that any
signal 1s not transmitted during the transmission stop period.
<Radio Communication Device>

As shown 1n FIG. 6, the radio communication device 2100
includes the non-transmission period detecting unit 207.

The non-transmission period detecting unit 207 1s a circuit
that receives an mput signal and performs a predetermined
detection process based on the received signal. The non-
transmission period detecting unit 207, each time 1t recerves a
signal, performs a process of detecting whether no signal has
been transmitted from the radio communication device 1100,
based on the recerved signal, and continues to output a pre-
determined signal to the control unit 206 while performing
the detection process.

It should be noted here that the method for detecting that no
signal has been transmitted from the radio communication
device 1100 may be achieved by, for example, measuring a
received signal and judging whether the traiming signal,
which 1s contained in a signal transmitted from the radio
communication device 1100, 1s not contained in the received
signal. Also, when 1t 1s preliminarily known that the ampli-
tude of a signal received from the radio commumnication
device 1100 1s within a predetermined range, 1t 1s possible to
detect whether no signal has been transmitted from the radio
communication device 1100, by judging whether the ampli-
tude of a recetved signal 1s not within the predetermined
range.

The control unit 206 receives a signal from the non-trans-
mission period detecting unit 207, and controls the timing at
which the unnecessary signal measuring unit 204 calculates
the covariance matrix Ruu, based on the received signal.
<Operation>

The non-transmission period detecting unit 207, each time
it recerves a signal, performs a predetermined detection pro-
cess and out puts a predetermined signal to the control unit
206 depending on the detection result. The control unit 206
controls the operation of the unnecessary signal measuring
unmt 204 based on the signal that 1s output from the non-
transmission period detecting unit 207.

FIG. 7 1s a flowchart showing the process of controlling the
unnecessary signal measuring umt 204 based on the detection
result of the non-transmaission period detecting unit 207, per-
formed by the control unit 206.

As shown 1n FIG. 7, the control unit 206, upon receiving
from the non-transmission period detecting umt 207 a signal
indicating that the non-transmission period detecting unit 207
detected that no signal had been transmitted from the radio
communication device 1100 (YES in step S71), transmits a
measurement start instruction signal to the unnecessary sig-
nal measuring unit 204 to cause the unnecessary signal mea-
suring unmt 204 to start calculating the covariance matrix Ruu
(step S72). When a predetermined period elapses from the
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transmission of the measurement start instruction signal
(YES 1n step S73), the control unit 206 transmits a measure-

ment end 1nstruction signal to the unnecessary signal measur-
ing unit 204 to cause the unnecessary signal measuring unit
204 to end calculating the covariance matrix Ruu (step S75).

When the predetermined period has not elapsed from the
transmission (step S72) of the measurement start instruction
signal (NO 1n step S73): the control umt 206 waits until the
predetermined period elapses (step S73) so far as a signal 1s
output from the non-transmission period detecting unit 207
(NO 1n step S74); and the control unit 206 transmits the
measurement end instruction signal to the unnecessary signal
measuring unit 204 to cause the unnecessary signal measur-
ing unit 204 to end calculating the covariance matrix Ruu
(step S75) if a signal 1s not output from the non-transmission
period detecting umt 207, namely, 1f the non-transmission
period detecting unit 207 fails to detect that no signal has been
transmitted from the radio communication device 1100 (YES
in step S74).

After causing the unnecessary signal measuring unit 204 to
end calculating the covariance matrix Ruu (step S75), the
control unit 206 keeps not transmitting the measurement start
instruction signal to the unnecessary signal measuring unit
204 so as to keep the unnecessary signal measuring unit 204
in the wait state until the control unit 206 receives a signal
from the non-transmission period detecting unit 207 (NO 1n
step S71).

Next, the operation of the radio communication device
1100 will be described.

The radio communication device 1100 includes the trans-
mission stop period setting unit 104, and thus can stop trans-
mitting a signal for a predetermined period by allowing the
communication control umt 103 to cause the transmission
stop period setting unit 104 to set the transmission stop
period.

The transmission stop period setting unit 104 sets the trans-
mission stop period. The setting may be performed periodi-
cally, for example, at predetermined intervals, or may be
performed at a predetermined time. After performing the
setting, the transmission stop period setting unit 104 outputs
a predetermined signal, which indicates the transmission stop
period, to the communication control unit 103.

FI1G. 8 1s a flowchart showing the process of controlling the
signal transmission based on the transmission stop period set
by the transmission stop period setting unit 104, performed by
the communication control unit 103.

As shown 1n FIG. 8, the communication control unit 103,
upon recerving from the transmission stop period setting unit
104 a s1ignal indicating the transmission stop period (YES 1n
step S81), stops transmitting signals (step S82), and continues
to stop transmitting signals until the transmission stop period
clapses (NO 1 step S83). When the transmission stop period
clapses (YES 1 step S83), the communication control unit
103 releases the stoppage of signal transmaission (step S84),
and performs a radio communication until it recerves from the
transmission stop period setting unit 104 a signal indicating
the transmission stop period (NO in step S81).

Embodiment 3

Next, another embodiment of the present invention will be

described with reference to the attached drawings.
<Construction>
FI1G. 9 1s a functional block diagram of the radio commu-
nication system in Embodiment 3 of the present invention.
The radio communication system shown in FIG. 9 1s diif-
terent from that 1n Embodiment 1 in that the radio commu-
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nication device additionally includes a strong interference
period detecting unit 208. Description of the same compo-
nents as those in Embodiment 1 will be omitted, and the
differences from Embodiment 1 will be focused 1n the fol-
lowing description.

<Radio Communication Device>

As shown 1n FIG. 9, a radio communication device 2200
includes the strong interference period detecting unit 208.

The strong interference period detecting unit 208 1s a cir-
cuit that recerves an mput signal and performs a predeter-
mined detection process and transmits a signal, based on the
received signal. The strong interference period detecting unit
208, ecach time 1t recerves a signal, performs a process of
detecting whether an mfluence by a signal component
received from the interference station 1500, among the signal
components of the recerved signal, 1s larger than a predeter-
mined range, based on the recerved signal, and continues to
output a predetermined signal to the control unit 206 while
performing the detection process. Here, “an influence by a
signal component received from the interference station 1500
1s larger than a predetermined range” indicates that, for
example, the signal intensity of a signal recerved from the
interference station 1500 1s larger than a predetermined value.

The detection 1s achieved by, for example, judging whether
or not the amplitude of the recerved signal 1s larger than a
predetermined value 1n a period during which no signal 1s
transmitted from the radio transmission station 1000.

The control unit 206 receives the signal output from the
strong interference period detecting unit 208, and controls the
timing at which the unnecessary signal measuring unit 204
calculates the covariance matrix Ruu, based on the received
signal.
<Operation>

Next, the operation of the radio communication device
2200 will be described.

The strong interference period detecting unit 208, each
time 1t receives a signal, performs a predetermined detection
process and outputs a predetermined signal to the control unit
206 depending on the detection result. The control unit 206
controls the operation of the unnecessary signal measuring
unmit 204 based on the signal output from the strong interter-
ence period detecting unit 208 when the unnecessary signal
measuring unit 204 calculates the covariance matrix Ruu
before a radio communication with the radio transmission
station 1000 1s started.

FIG. 10 1s a flowchart showing the process of controlling
the unnecessary signal measuring unit 204 based on the
detection result of the strong interference period detecting
unit 208, performed by the control unit 206.

As shown 1n FIG. 10, the control unit 206, upon receiving
from the strong interference period detecting unit 208 a signal
indicating that an influence by a signal component recerved
from the interference station 1500 1s larger than a predeter-
mined range (YES 1n step S101), transmits a measurement
start istruction signal to the unnecessary signal measuring,
umt 204 to cause the unnecessary signal measuring unit 204
to start calculating the covariance matrix Ruu (step S102).
When a predetermined period elapses from the transmission
of the measurement start instruction signal (YES in step
S103), the control unit 206 transmits a measurement end
instruction signal to the unnecessary signal measuring unit
204 to cause the unnecessary signal measuring unit 204 to end
calculating the covariance matrix Ruu (step S103).

When the predetermined period has not elapsed from the
transmission of the measurement start instruction signal (NO
in step S103): the control unit 206 waits until the predeter-
mined period elapses (step S103) so far as a signal 1s output
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from the strong interference period detecting unit 208 (NO 1n
step S104); and the control unit 206 transmits the measure-

ment end 1nstruction signal to the unnecessary signal measur-
ing unit 204 to cause the unnecessary signal measuring unit
204 to end calculating the covariance matrix Ruu (step S105)
if a signal 1s not output from the strong interference period
detecting unit 208, namely, if the strong interterence period
detecting unit 208 fails to detect that an influence by a signal
component recetved from the interference station 13500 is
larger than a predetermined range (YES 1n step S104).
After causing the unnecessary signal measuring unit 204 to
end calculating the covariance matrix Ruu, the control unit
206 keeps not transmitting the measurement start instruction
signal to the unnecessary signal measuring unit 204 so as to
keep the unnecessary signal measuring unit 204 in the wait
state until the control unit 206 receives a signal from the
strong interference period detecting unit 208 (NO 1n step

3101).

Embodiment 4

Next, another embodiment of the present invention will be
described with reference to the attached drawings.
<Construction>

FI1G. 11 1s a functional block diagram of the radio commu-
nication system in Embodiment 4 of the present invention.

The radio communication system shown i FIG. 11 1s
different from that in Embodiment 1 in that the radio com-
munication device additionally includes an interference
transmission path measuring unit 209. It should be noted that
the training signal contained 1n a signal transmitted from the
interference station 1500 1s known to the radio communica-
tion device. Description of the same components as those in
Embodiment 1 will be omitted, and the differences from
Embodiment 1 will be focused 1n the following description.

The radio communication device in Embodiment 4 stores
the training signal contained 1n a signal transmitted from the
interference station 1500. It 1s presumed here that a signal
transmitted from the interference station 1500 interferes on
the same frequency channel as that of a signal transmitted
from the radio transmission station 1000, and that the statis-
tical characteristics of signal x transmitted from the interter-
ence station 1500 are known. With such conditions, the radio
communication device can calculate an interference trans-
mission path matrix for a transmission path connected with
the interference station, based on the training signal, and can
calculate the covariance matrix Ruu based on the calculated
interference transmission path matrix.
<Radio Communication Device>

As shown 1n FIG. 11, a radio communication device 2300
includes the interference transmission path measuring unit
209 and an unnecessary signal measuring unit 210.

The 1nterference transmission path measuring unit 209 1s
an integrated circuit that calculates a transmission path matrix
that indicates properties of a signal transmission path con-
nected with the mterference station 1500, and 1s provided
with a memory for preliminarily storing a signal with a pre-
determined pattern contained 1n a signal transmitted from the
interference station 1500. After recerving a signal, the 1nter-
ference transmission path measuring unit 209 extracts the
signal with the predetermined pattern from the received sig-
nal, and obtains an interference transmission path matrix G by
calculating a correlation between the signal with the prede-
termined pattern and the preliminarily stored signal. The
interference transmission path measuring unit 209 outputs the
obtained interference transmission path matrix G to the
unnecessary signal measuring unit 210.
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Upon receiving the interference transmission path matrix
G output from the interference transmission path measuring
unit 209, the unnecessary signal measuring unit 210 calcu-
lates the covariance matrix Ruu 1n accordance with [Expres-
sion 7]. It should be noted here that in regards with [ Expres-
sion 7], covariance matrix Rxx can be obtained from the
statistical characteristics of “x”.
<Operation>

Next, the operation of the radio communication device
2300 will be described.

FIG. 12 1s a flowchart showing the process of calculating
the covariance matrix Ruu of the unnecessary signal, per-
formed by the unnecessary signal measuring unit 210.

As shown 1n FIG. 12, upon receiving the interference trans-
mission path matrix G from the interference transmission
path measuring unit 209 (YES 1n step S121), the unnecessary
signal measuring unit 210 calculates the covariance matrix
Ruu 1 accordance with [Expression 7] (step S122). The
unnecessary signal measuring unit 210 outputs the calculated
covariance matrix Ruu to the transmission signal estimating
umt 205 (step S123). After thus, each time 1t receives the
interference transmission path matrix G (step S121), the
unnecessary signal measuring umt 210 calculates and outputs
the covariance matrix Ruu.

With this construction, the radio communication device
2300 can calculate the covarnance matrix Ruu faster and more
accurately than with the construction 1n which the unneces-
sary signal 1s received and the covariance matrix Ruu 1s
calculated by calculating a correlation.

Embodiment 5

Next, another embodiment of the present invention will be
described with reference to the attached drawings.
<Construction>

FIG. 13 1s a functional block diagram of the radio commu-
nication system in Embodiment 5 of the present invention.

The radio communication system shown in FIG. 13 1s
different from that in Embodiment 1 in that the radio com-
munication device additionally includes a transmission stop
request transmitting unit 211, and that the radio transmission
station additionally includes a transmission stop request
receiving unit 105. Description of the same components as
those 1n Embodiment 1 will be omitted, and the differences
from Embodiment 1 will be focused in the following descrip-
tion.
<Radio Communication Device>

As shown 1n FIG. 18, a radio communication device 2400
includes the transmission stop request transmitting unit 211.

The transmission stop request transmitting unit 211 1s a
circuit that performs signal transmission/reception, and trans-
mits a transmission stop request signal to a radio transmission
station 1200, when instructed to do so by the control unit 206.
The transmission stop request signal 1s a signal that requests
the radio transmission station 1200 to stop transmitting sig-
nals. Signals are transmitted via antennas. However, the radio
communication device 2400 1s provided with, 1n addition to
the antennas 201, an antenna that 1s dedicated to transmitting
the transmission stop request signal. However, not limited to
this construction, a dedicated antenna may not be provided,
and the transmission stop request signal may be transmuitted
via the antennas 201. After transmitting the transmission stop
request signal to the radio transmission station 1200, the
transmission stop request transmitting unit 211 outputs a
predetermined signal, which indicates that the transmission
stop request signal was transmitted, to the control unit 206.
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The transmission stop request transmitting unit 211 may
also transmit a transmission stop request signal including stop
period mformation or transmission resumption timing nfor-
mation to the radio transmission station 1200, when
instructed to do so by the control unit 206, where the stop
period information indicates a period during which signal
transmission to the radio transmission station 1200 1s
stopped, and the transmission resumption timing information
indicates a timing at which the signal transmission to the radio
transmission station 1200 1s resumed. The stop period infor-
mation 1s set to, for example, 40 micro seconds.

The transmission stop request transmitting unit 211 may
also transmit a release signal that requests to release the
stoppage of the signal transmission to the radio transmission
station 1200, when 1nstructed to do so by the control unit 206

The control unit 206 transmits to the transmission stop
request transmitting unit 211 a predetermined signal that
requests 1t to transmit the transmission stop request signal to
the radio transmission station 1200. And upon recerving from
the transmission stop request transmitting unit 211 a signal
indicating that the transmission stop request transmitting unit
211 transmitted the transmission stop request signal, the con-
trol unit 206 controls the unnecessary signal measuring unit
204 to calculate the covariance matrix Ruu.

The control unit 206 may also control the unnecessary
signal measuring unit 204 to transmit the transmission stop
request signal including the stop period information or the

transmission resumption timing information to the radio
transmission station 1200.

After controlling the unnecessary signal measuring unit
204 to calculate the covariance matrix Ruu, the control unit
206 may 1nstruct the transmission stop request transmitting

unit 211 to transmit the release signal to the radio transmis-
s1on station 1200.
<Radio Transmission Station>

As shown 1n FIG. 13, the radio transmission station 1200
includes the transmission stop request receiving unit 105.

The transmission stop request recerving unit 105 1s a circuit
that performs a predetermined process upon receving a sig-
nal. More specifically, upon recetving a signal, the transmis-
s10n stop request recerving unit 105 judges whether or not the
received signal includes the transmission stop request signal,
and 11 1t includes the transmission stop request signal, outputs
to the communication control unit 103 a signal indicating that
it received the transmission stop request signal.

Upon receiving the release signal, the transmission stop
request recerving unit 105 outputs to the communication con-
trol unit 103 a signal indicating that 1t recerved the release
signal.

Upon recerving the predetermined signal from the trans-
mission stop request receiving unit 105, the communication
control unit 103 stops transmitting signals for a predeter-
mined period and controls the radio communication with the
radio communication device 2400. If the received transmis-
s10n stop request signal includes the stop period information
or the transmission resumption timing information, the com-
munication control unit 103 controls the period during which
the signal transmission is stopped, 1n accordance with the stop
period information or the transmission resumption timing
information. Upon receiving from the transmission stop
request recerving umt 105 the predetermined signal indicat-
ing that the release signal was recerved, the communication
control unit 103 releases the stoppage of signal transmission.
<Operation>

Next, the operation of the radio communication device
2400 will be described.
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FIG. 14 1s a flowchart showing the process of transmitting,
the transmission stop request signal, performed by the trans-
mission stop request transmitting unit 211.

As shown 1n FIG. 14, upon receiving from the control unit
206 an mstruction to transmit the transmission stop request
signal (YES 1n step S141), the transmission stop request
transmitting unit 211 starts transmitting the transmission stop
request signal to the radio transmission station 1200 (step
S142), continues the transmission until 1t 1s completed (NO 1n
step S143), and 11 the transmission 1s completed (YES 1n step
S143), outputs to the control unit 206 a predetermined signal
that notifies that the transmission was completed (step S144).
After this, each time it receives an instruction to transmit the
transmission stop request signal (step S141), the transmission
stop request transmitting unit 211 transmits the transmission
stop request signal to the radio transmission station 1200.

Next, the operation of the control unit 206 will be

described.

FIG. 15 1s a flowchart showing the process of controlling
the unnecessary signal measuring unit 204, performed by the
control unit 206 1n Embodiment 5.

As shown 1n FIG. 15, before causing the unnecessary sig-
nal measuring unit 204 to calculate the covariance matrix
Ruu, the control unit 206 instructs the transmission stop
request transmitting unit 211 to transmit the transmission stop
request signal (step S151), and waits until 1t receives from the
transmission stop request transmitting unit 211 a signal indi-
cating that the transmission stop request signal was transmiut-
ted to the radio transmission station 1200 (NO 1n step S152).
Upon receiving a signal indicating that the transmission stop
request signal was transmitted to the radio transmission sta-
tion 1200 (YES 1n step S152), the control unit 206 transmits
a measurement start istruction signal to the unnecessary
signal measuring umt 204 (step S153).

If the transmission stop request signal transmitted to the
radio transmission station 1200 includes the stop period
information or the transmaission resumption timing informa-
tion, the control unit 206 causes the unnecessary signal mea-
suring unit 204 to calculate the covariance matrix Ruu during
the period 1ndicated by the stop period information or the

transmission resumption timing information. If the transmis-
s10n stop request signal transmitted to the radio transmission
station 1200 does not include the stop period information or
the transmission resumption timing information, the control
unit 206 causes the unnecessary signal measuring unit 204 to
calculate the covariance matrix Ruu until a predetermined
period elapses (step S154).

When the predetermined period has elapsed or when the
period or the timing indicated by the stop period information
or the transmission resumption timing information has
clapsed (YES 1n step S154), the control unit 206 transmits the
measurement end instruction signal to the unnecessary signal
measuring unit 204 (step S155).

Next, the operation of the radio transmaission station 1200
will be described.

FIG. 16 1s a flowchart showing the process of controlling
the signal transmission based on the transmission stop request
signal, performed by the communication control unit 103 of
the radio transmission station 1200.

As shown 1n FIG. 16, upon recerving from the transmission
stop request receiving unit 105 a signal indicating that the
transmission stop request signal was recerved (YES 1n step
S161), the communication control umit 103 controls the radio
communication with the radio communication device 2400 to
stop transmuitting signals (step S162).
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The communication control unit 103 continues to stop
transmitting signals until a predetermined period elapses (NO
in step S163).

When the predetermined period has elapsed (YES 1n step
S5163), the communication control unit 103 starts transmitting
signals and resumes the radio communication with the radio
communication device 2400 (step S164). The communica-
tion control unit 103 continues the radio communication with
the radio communication device 2400 until the transmission
stop request receiving unit 105 recerves the transmission stop
request signal again (NO 1n step S161).

If the transmission stop request signal includes the stop
period information or the transmission resumption timing,
information, the communication control unit 103 performs a
control such that the signal transmission 1s stopped during the
period 1ndicated by the stop period information or the trans-
mission resumption timing imnformation.

In the above description, 1t 1s explained that the transmis-
s10n stop request signal may include the stop period informa-
tion or the transmission resumption timing information.
However, not limited to this, the radio communication device
2400 may transmuit the transmission stop request signal to the
radio transmission station 1200 to cause the radio transmis-
s1on station 1200 to stop transmitting signals, and then may
transmit the release signal to the radio transmission station
1200 to cause the radio transmission station 1200 to resume
the signal transmission.

Next provided 1s the description of the operation of the
radio communication device 2400 in the case where the
release signal 1s transmitted to the radio transmission station
1200 to cause the radio transmission station 1200 to resume
the signal transmission.

FIG. 17 1s a flowchart showing the process in the case
where the release signal 1s transmitted, performed by the
control unit 206. Description of the same steps as those 1n
FIG. 15 will be omitted, where the same steps are indicated by
the same reference signs.

As shown in FIG. 17, the control unit 206 causes the
unnecessary signal measuring unit 204 to calculate the cova-
riance matrix Ruu through steps S151 to S155, which are the
same as those shown 1n FIG. 15, and then instructs the radio
transmission station 1200 to transmit the release signal (step
S156).

Next, the operation of the radio transmission station 1200
when receiving the release signal will be described.

FIG. 18 1s a flowchart showing the process of controlling
the signal transmission based onthe release signal, performed
by the communication control unit 103 of the radio transmis-
sion station 1200.

As shown 1n FIG. 18, the communication control unit 103,
upon recerving from the transmission stop request recerving,
unit 105 a signal indicating that the transmission stop request
signal was received (YES 1n step S181), the communication
control unit 103 controls the radio communication with the
radio communication device 2400 to stop transmitting signals
(step S182).

IT 1t recerves the release signal from the transmission stop
request recerving unit 103 after stopping the signal transmis-
sion (YES in step S183), the communication control unit 103
starts transmitting signals and resumes the radio communi-
cation with the radio communication device 2400 (step
S185). If 1t has not recerved the release signal from the trans-
mission stop requestrecerving unit 105 (NO 1n step S183): the
communication control unit 103 continues to judge whether
or not 1t has received the release signal (step S183) until a
predetermined period elapses (NO in step S184); and the
communication control unit 103 resumes the radio commu-
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nication with the radio communication device 2400 (step
S185) 11 the predetermined period has elapsed (YES 1n step
S184). The communication control unit 103 continues the
radio communication with the radio communication device
2400 until the transmission stop request receiving unit 105

receives the transmission stop request signal again (NO in
step S181).

Embodiment 6

Next, another embodiment of the present invention will be
described with reference to the attached drawings.
<Construction>

FIG. 19 1s a functional block diagram of the radio commu-
nication system in Embodiment 6 of the present invention.

The radio communication system shown in FIG. 19 1s
different from that 1n Embodiment 1 in that the radio com-
munication device includes an unnecessary signal measuring
umt 212 in place of the unnecessary signal measuring unit
204.

The unnecessary signal measuring unit 212 1s different
from the unnecessary signal measuring unit 204 1n Embodi-
ment 1 1n that 1t receives transmission path matrix H from the
transmission path measuring unit 203 and receives estimator
v for a transmission signal from the transmission stop request
receiving unit 105, The recerved values “H” and *“v” are
stored 1n a memory provided 1n the unnecessary signal mea-
suring unit 212. Each time a value of the transmission path
matrix H or the estimator v 1s input, the unnecessary signal
measuring unit 212 overwrites a corresponding value in the
memory with the newly mput value. The unnecessary signal
measuring unit 212 calculates the covariance matrix Ruu in
accordance with a predetermined expression. The predeter-
mined expression will be described later.

The unnecessary signal measuring unit 212 1s further pro-
vided with a detection circuit that detects a modulation level
of a multilevel modulation of a recerved signal. The modula-
tion level of a multilevel modulation 1s detected by 1dentify-
ing the modulation method of the received signal. After
detecting the modulation level, the unnecessary signal mea-
suring unit 212 outputs to the control unit 206 a signal 1ndi-
cating the detected modulation level.

Here, the predetermined expression will be described. The
unnecessary signal measuring umit 212 obtains an unneces-
sary signal in accordance with the following [ Expression 13],
where “u” represents the unnecessary signal, and
sents the received signal.

e 7

I’ repre-

u=r—-Hd [Expression 15]

The value *“d” 1s a discrete value that 1s obtained by deter-
mining the estimator “v”’. During modulation, the transmis-
s1on signal takes on a discrete value. It 1s thus presumed that
the estimator 1s also a discrete value.

The covariance matrix Ruu 1s obtained by performing a
calculation “E[uu”]” with the value of unnecessary signal “u”
obtained above.

Here, [Expression 13] will be explained. The received sig-
nal r 1s represented by the following [Expression 16].

y=Hs+u Expression 16]

e Y
S

|[Expression 135] 1s then obtained by using, as the value
the determination value “d” of the estimator “v’” for a trans-
mission signal.

The control unit 206 may recerve a signal indicating the
modulation level of a multilevel modulation and control the
operation timing of the unnecessary signal measuring unit
212 based on the modulation level.
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<Operation>
Next, the operation of a radio communication device 2500

will be described.

FIG. 20 1s a flowchart showing the process of calculating
the covariance matrix Ruu of the unnecessary signal, per-
formed by the unnecessary signal measuring unit 212.

As shown 1n FIG. 20, upon receiving a measurement start
instruction signal from the control unit 206 (YES 1n step
S5201), the unnecessary signal measuring unit 212 calculates
the covariance matrix Ruu of the unnecessary signal in accor-
dance with a predetermined expression, based on the recep-
tion signal, transmission path matrix H, and estimator v for a
transmission signal (step S202). The unnecessary signal mea-
suring unit 212 continues the calculation and outputting of the
covariance matrix Ruu (step S202) until it receives the mea-
surement end istruction signal from the control unit 206 (NO
in step S203). Upon recerving the measurement end instruc-
tion signal from the control unit 206 (YES 1n step S203), the
unnecessary signal measuring unit 212 obtains a covariance
matrix Ruu by completing the calculation that was being
performed when the measurement end instruction signal was
received, and outputs the obtained covariance matrix Ruu to
the transmission signal estimating unit (step S204), and waits
until another measurement start instruction signal 1s recerved
(NO 1 step S201).

With the above-described construction, it 1s possible to
calculate the covariance matrix Ruu taking into account the
influence of a signal transmitted from the interference station
1500, even 1n a period during which a signal 1s transmitted
from the radio transmission station 1000, enabling a trans-
mission signal to be estimated following the change of the
influence of the interference. Also, this eliminates the need to
cause the radio transmission station 1000 to stop transmitting
a signal when the unnecessary signal measuring unit 212
calculates the covariance matrix Ruu.

Described next will be the process in which the control unit
206 recerves a signal indicating the modulation level of a
multilevel modulation from the unnecessary signal measur-
ing unit 212 and controls the operation timing of the unnec-
essary signal measuring unit 212 based on the modulation
level.

FIG. 21 1s a flowchart showing the process of controlling
the unnecessary signal measuring unit 212 based on the
detected modulation level of a multilevel modulation, per-
formed by the control unit 206.

As shown 1n FIG. 21, the control unit 206, upon receiving
from the unnecessary signal measuring unit 212 a signal
indicating a modulation level of a multilevel modulation
(YES 1n step S211), compares the modulation level with a
predetermined value (step S212). If the modulation level 1s
equal to or smaller than the predetermined value (YES 1n step
S5212), the control unit 206 transmits a measurement start
instruction signal to the unnecessary signal measuring unit
212 (step S213). If the modulation level 1s greater than the
predetermined value (NO 1n step S212), the control unit 206
does not transmit the measurement start instruction signal, or
if the unnecessary signal measuring unit 212 has already
started calculating the covariance matrix Ruu, transmits a
measurement end nstruction signal (step S214). The control
unit 206 then waits until it recerves from the unnecessary
signal measuring unit 212 another signal indicating a modu-
lation level of a multilevel modulation (NO 1n step S211), and
if 1t recerves another signal indicating a modulation level
(YES 1n step S211), performs the above-described process to
control the operation of the unnecessary signal measuring

unit 212.
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With the above-described construction, the radio commu-
nication device 2500 can calculate the covariance matrix Ruu

based on a signal having a small modulation level of the
multilevel modulation. For example, in the case where a
received signal includes both a 64-QAM signal and a
16-QAM signal, the control unit 206 causes the unnecessary
signal measuring unit 212 to calculate the covariance matrix
Ruu using the 16-QAM signal.

In general, the smaller the modulation level of the multi-
level modulation 1s, the less error the estimator for a trans-
mission signal has. Accordingly, the covariance matrix Ruu
becomes more accurate 1f an estimator having less error 1s
used.

Embodiment 7

Next, another embodiment of the present invention will be
described with reference to the attached drawings.
<Construction>

FIG. 22 1s a functional block diagram of the radio commu-
nication system in Embodiment 7 of the present invention.

The radio communication system shown in FIG. 22 1s
different from that in Embodiment 1 1n that the radio trans-
mission station and the radio communication device perform
a radio communication using frequency-division multiplex
signals, that the radio transmission station additionally
includes frequency multiplexing units 104, and that the radio
communication device additionally 1includes frequency
dividing units 212. The frequency-division multiplex signal
1s, for example, the OFDM signal or the wavelet signal.
Description of the same components as those in Embodiment
1 will be omitted, and the differences from Fmbodiment 1
will be focused 1n the following description.
<Radio Transmission Station>

As shown 1n FIG. 22, a radio transmission station 1300
includes the frequency multiplexing units 104 (frequency
multiplexing umt 104q, Irequency multiplexing umit
1045, . . . ) 1n correspondence with the up converters 102 on a
one-to-one basis.

The radio transmission station 1300 includes the M num-
ber of frequency multiplexing units 104 which, when a radio
communication with a radio communication device 2600 1s
performed using, for example, the OFDM signal, function as
inverse Fourier transformers. When a radio communication 1s
performed using the wavelet signal, the frequency multiplex-
ing units 104 function as filters corresponding to the wavelets.

FIG. 22 indicates that the M number of frequency multi-
plexing units 104 are provided. However, not limited to this,
only one frequency multiplexing unit may be provided.

When the number of frequency components mm a fre-
quency-division multiplex signal 1s F, the communication
control unit 103 controls the radio communication with the
radio communication device 2600 by transmitting a signal
composed of the F number of transmission signal vectors s, to
S, to the radio communication device 2600, where “F” 1s an
integer greater than or equal to 2.
<Radio Communication Device>

As shown 1in FIG. 22, the radio communication device
2600 includes the frequency dividing units 212 (frequency
dividing unit 212a, frequency dividing unit 2125, . . . ) 1n
correspondence with the down converters 202 on a one-to-
one basis.

Theradio communication device 2600 includes the N num-
ber of frequency dividing units 212 which, when a radio
communication with the radio transmission station 1300 is
performed using, for example, the OFDM signal, function as
Fourier transtormers. When a radio communication 1s per-
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tormed using the wavelet signal, the frequency dividing units
212 function as filters corresponding to the wavelets.

It should be noted here that only one set of the transmission
path measuring unit 203, the unnecessary signal measuring,
unit 204, and the transmission signal estimating unit 205 may
be provided. Alternatively, a plurality of sets of these units
may be provided based on the F number of frequency com-
ponents. In the present embodiment, the F number of sets of
the units are provided.

The frequency dividing units 212 output a component of
the f” vector among transmission signal vectors s, to s, to the
7 set of the transmission path measuring unit 203, the unnec-
essary signal measuring unit 204, and the transmission signal
estimating unit 205.

The f” set of the transmission path measuring unit 203, the
unnecessary signal measuring umt 204, and the transmission
signal estimating unit 203 receives the frequency component
of the f” vector among transmission signal vectors s, to s, as
reception signal r. Based on the reception signal r, the trans-
mission path measuring unit 203 obtains transmission path
matrix H, the unnecessary signal measuring unit 204 obtains
covariance matrix Ruu, and the transmission signal estimat-
ing unit 205 obtains estimator v -for transmission signal s
<Operation>
<Radio Transmission Station>

The following explains the operation of the radio transmis-
s1on station 1300 constructed as described above.

The communication control unit 103 generates transmis-
sion signal vectors s, to s, and outputs, to the frequency
multiplexing units 104, components, which correspond to a
certain one of the antennas 101, of each of the transmission
signal vectors s, to s.. That 1s to say, the communication
control unit 103 outputs, to the m” antenna portion of the
frequency multiplexing units 104, a component of the trans-
mission signal vector s, corresponding to the m” antenna, a
component of the transmission signal vector s, corresponding
to the m™ antenna, . . . a component of the transmission signal
vector s, corresponding to the m” antenna.

Upon receiving the components from the communication
control unit 103, the frequency multiplexing units 104 com-
bines the received components respectively with the 1% to F”
frequency shifts, and outputs the combined signals to the up
converters 102.

The up converters 102 convert the combined signals output
from the frequency multiplexing units 104 to high-frequency
signals having a predetermined central frequency, and
amplify the power of the signals to such a level that 1s enough
to perform a radio transmission.

Upon receiving the high-frequency signals from the up
converters 102, the antennas 101 transmait signals.
<Radio Communication Device>

Described next will be the operation of the radio commu-
nication device 2600 of receiving a frequency-division mul-
tiplex signal from the radio transmission station 1300.

When the antennas 201 receive a combined signal, which 1s
a combination of a signal transmitted from the radio trans-
mission station 1300 and a signal transmitted from the inter-
ference station 1500, the down converters 202 convert the
received high-frequency signal to an equivalent baseband
signal, and output the converted equivalent baseband signal to
the frequency dividing units 212. The frequency dividing
units 212 recerve and divide the equivalent baseband signal
into frequency components, and output the F number of
reception signals that respectively represent the 1° to the F”
frequency components that correspond to the antennas con-
nected to the down converters 202. For example, the fre-
quency dividing unit 212a receives a signal from the down
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converter 202a and divides the received signal into frequency
components, and outputs the F number of reception signals,
which respectively represent the 1° to the F? frequency com-
ponents that correspond to the antenna 2014, to the transmis-
sion path measuring umt 203, the unnecessary signal measur-
ing unit 204, and the transmission signal estimating unit 205.

The f” set of the transmission path measuring unit 203, the
unnecessary signal measuring unit 204, and the transmission
signal estimating unit 205 receives the f* frequency compo-
nents, which correspond to the 1° to the N” antennas, as “re
Upon recewving the “r/”, the transmission signal estimating
unit 203 obtains estimator v -for transmission signal s, based
on the received “r/”, and outputs the obtained estimator v,to
the control unit 206.

Embodiment 8

Next, another embodiment of the present invention will be
described with reference to the attached drawings.

<Construction>

FIG. 23 1s a functional block diagram of the radio commu-
nication system in Embodiment 8 of the present invention.

The radio communication system shown in FIG. 23 1s
different from that in Embodiment 1 1n that the radio com-
munication device additionally includes a reliability evaluat-
ing unit 213 and an error correcting umt 214. Description of
the same components as those in Embodiment 1 will be
omitted, and the differences from Embodiment 1 will be
focused 1n the following description.
<Radio Communication Device>

As shown 1n FIG. 23, a radio communication device 2700
includes the reliability evaluating unit 213 and the error cor-
recting unit 214.

The reliability evaluating unit 213 1s a circuit that performs
a predetermined calculation, receives transmission path
matrix H and covariance matrix Ruu from the transmission
path measuring unit 203 and the unnecessary signal measur-
ing unit 204, and stores the recerved transmission path matrix
H and covariance matrix Ruu into a memory provided therein.

The transmission path matrix H and covariance matrix Ruu
stored 1n the memory are overwritten with newly received
values of them each time the reliability evaluating unit 213
newly receives transmission path matrix H or covariance
matrix Ruu from the transmission path measuring unit 203 or
the unnecessary signal measuring unit 204. And each time 1t
overwrites transmission path matrix H or covariance matrix
Ruu, the reliability evaluating unit 213 obtains estimator z of
the residual error contained in the estimator v for a transmis-
sion signal, from the stored transmission path matrix H and
covariance matrix Ruu, i accordance with a predetermined
eXpression.

Here, the predetermined expression used for obtaining the
estimator z of the residual error will be described. It 1s pre-
sumed here that the transmission signal estimating unit 205
performs an estimation of a transmission signal based on
“v=Wr”, indicated as [Expression 3]. The reliability evaluat-
ing unit 213 calculates z[ k] in accordance with the following
expression [Expression 15] where z[Kk] indicates an operation
on the k”” element among vectors of estimator z of the residual
eITor.

2 [K)=(W [k H=In k] )Rss(HW k]~ Ipffk] ™)+

W k] RuuW k2
In the above expression: W[k]| represents a row vector of
the k” row when W represents a matrix; W[k] represents the
k” element of W when W represents a column vector; I, [K]

[Expression 15]
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represents a row vector of the k” row in an MxM unit matrix
when M 1s 2 or more; and I, K] represents 1 when M 1s 1.
Here, explanation will be given to the above-described
| Expression 13].
A value y[k], which represents an error amplitude included 5
in the k” element of a column vector, is represented by the
tollowing [Expression 16].

ylk] = (Wr)|k] — s|k] |Expression 16] 10
= WI|k|(Hs + u) — s|k]

= (W[k]H — Iy |k])s + W[k]u

15
Here, the square mean value of y[k] 1s represented by the

tollowing [Expression 17].

E[\y[k]*\ =W [kJH=I5 [k ])Rss(HT W k] =L 1[k]7 )+
Wik]RuuW ] [Expression 17] -

The above-described [Expression 15] 1s equivalent with
|[Expression 17].

Here, [Expression 13] can be represented as the following
| Expression 18] when the elements of the transmission signal
“s” are uncorrelated with each other and when each element -5

L T

has an equivalent average power that 1s represented as “p”.

2 [k]=pOW [l H-L1 /R )E W R I [l )+
W/k]RuuW [k} [Expression 18]

When the value “z” 1s obtained using [Expression 18], the 30
amount of calculatlon of the product of a matrix 1s reduced,
compared with the case where [Expression 15] 1s used.

Further, the reliability evaluating unit 213 calculates a reli-
ability level of the estimator v for the transmission signal,
based on the estimator z of the residual error, and outputs the 35
calculated reliability level to the error correcting unit 214.

As one example, the reliability level may be smaller as the
estimator z of the residual error, which 1s calculated 1n accor-
dance with [Expression 15], increases, and may be greater as
the estimator z of the residual error decrease. That 1s to say, 40
the greater the reliability level 1s, the smaller the residual error
included in the estimator v for a transmission signal 1s.

The error correcting unmit 214 1s an error correcting circuit
that corrects an error included 1n a signal, and 1s, for example,

a Viterbi decoding circuit. The error correcting unit 214 may 45
include a deinterleave circuit, as well as the Viterb1 decoding
circuit. The error correcting unit 214 1s provided with a
memory for storing the reliability level output from the reli-
ability evaluating unit 213, and performs an error correction

of the estimator v for a transmission signal 1n accordance with 50
the reliability level. The error correction in accordance with
the reliability level 1s, for example, to disregard an estimator
for a transmission signal whose reliability level 1s smaller
than a predetermined value, and stress the importance of an
estimator for a transmission signal whose reliability level 1s 55
greater than the predetermined value.

After performing the error correction, the error correcting
unit 214 outputs the data after the error correction to the
control unit 206.

In the Viterb1 decoding or the like, the performance of the s0
error correction improves when the amplitude of the residual
error included 1n the estimator v for a transmission signal 1s
constant. With this taken into account, 1t i1s preferable to
normalize the residual error by the inverse of the square root
of the square mean value. It 1s thus preferable that the reli- 65
ability evaluating unit 213 obtains the reliability level of the
k" element of an estimator v for a transmission signal, 1n

32

accordance with a value that 1s inversely proportional to the
square root of z[k], based on z[k].
<Operation>

Next, the operation of the radio communication device
2700 will be described with reference to the drawings.

FIG. 24 1s a flowchart showing the process performed by
the reliability evaluating unit 213.

As shown 1n FIG. 24, upon receiving a transmission path
matrix H from the transmission path measuring unit 203 or
upon receiving a covariance matrix Ruu from the unnecessary
signal measuring unit 204 (YES 1n step S241), the reliability
evaluating unit 213 calculates residual error z based on the
transmission path matrix H and covariance matrix Ruu (step
S5242). The reliability evaluating unit 213 then evaluates the
reliability by obtaining a reliability level 1n accordance with
the calculated residual error, and outputs the obtained reli-
ability level to the error correcting unit 214 (step S243). The
reliability evaluating unit 213 then waits until 1t receives a
transmission path matrix H or a covariance matrix Ruu (NO
in step S241), and each time 1t receives a transmission path
matrix H or a covariance matrix Ruu (YES 1n step S241), the
reliability evaluating unit 213 calculates a residual error and
obtains and outputs a reliability level (steps S242, S243).

Next, the process performed by the error correcting unit
214 will be described. The error correcting unit 214 performs
an error correction 1n accordance with the reliability level.
Each time the reliability evaluating unit 213 outputs are liabil-
ity level, the error correcting unit 214 holds the output reli-
ability level, and performs an error correction 1n accordance
with the currently held reliability level.

FIG. 25 1s a flowchart showing the process performed by
the error correcting unit 214.

As shown 1n FIG. 25, upon recerving from the transmission
signal estimating unit 205 an estimator v for a transmission
signal (YES 1n step S251), the error correcting unit 214 per-
forms an error correction on the recetved estimator v in accor-
dance with the reliability level 1t holds (step S252). The error
correcting unit 214 then outputs the corrected estimator v to
the control unit 206 (step S253). Then, each time 1t recerves an
estimator v for a transmission signal, the error correcting unit
214 performs an error correction 1n accordance with the reli-
ability level 1t holds.
<Supplementary Notes>

Although the present invention has been described through
embodiments thereof, 1t 1s to be noted that not limited to these
embodiments, the present invention can be modified vari-
ously. The following indicates some of such modifications.
(1) In Embodiment 1, the covariance matrix Ruu 1s corrected

using the gain of the down converters 202 in the period

during which the unnecessary signal measuring unit 204

calculates the covariance matrix Ruu, and the gain of the

down converters 202 in the period during which the trans-
mission signal estimating unit 205 estimates a transmission

signal. However, the radio communication device 2000

may control the down converters 202 so that the gains of

the down converters 202 1n the above-described two peri-
ods become 1dentical to each other.

(2) The present invention also includes the case where a radio

communication device estimates a signal transmitted from
a radio transmission station in accordance with the method
of the present mvention when a data communication 1s
performed between the radio transmission station and the
radio commumnication device, where, for example, the radio
transmission station has a mapping unit and the radio com-
munication device has a demapping unit.
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(3) The process performed by the interference transmission
path measuring unit 209 in Embodiment 4 may be per-
formed by the transmission path measuring unit 203.

(4) Each device described above may be, specifically, a com-

puter system 1ncluding a microprocessor, a ROM, a RAM,

a hard disk unit, a display unit, a keyboard, a mouse and the

like. A computer program is recorded in the RAM or the

hard disk unit. Each device achieves i1ts functions as the
microprocessor operates 1n accordance with the computer
program. Here, the computer program 1s composed of a
plurality of instruction codes that instruct the computer so
as to achieve certain functions.

(5) Part or all of the constituent elements of each device
described above can be realized as one system LSI (Large
Scale Integration). The system LSI 1s a super-multifunc-
tional LSI manufactured by integrating a plurality of con-
stituent units on one chip, and more specifically 1s a com-
puter system including a microprocessor, a ROM, a RAM
and the like. A computer program is recorded in the RAM.
The system LSI achieves its Tunctions as the microproces-
sor operates 1n accordance with the computer program.

(6) The present invention may be any combination of the

above-described embodiments.

INDUSTRIAL APPLICABILITY

The radio communication device of the present invention 1s
usetul for, for example, a wireless LAN device that transmits
and receives signals via radio communications. Especially,
the present invention 1s suitable for achieving a radio com-
munication with reduced errors even 1t an interference signal
1s present.

The mvention claimed 1s:

1. A radio communication device which identifies a radio
transmission station as a communication partner based on a
patterned signal which has a predetermined pattern and 1s
contained 1n a signal transmitted from the radio transmission
station, and performs a radio communication with the 1den-
tified radio transmission station, the radio communication
device comprising;:

a plurality of antennas;

a signal receiving unit operable to receive a signal via the

plurality of antennas;

a {irst calculating unit operable to calculate, based on the
received signal, a numerical sequence that indicates a
property of a signal transmission path used 1n a radio
communication with the radio transmission station;

a second calculating unit operable to calculate, based on
the recerved signal, a numerical sequence that indicates
a property ol an unnecessary signal that 1s a component
of the received signal and that does not have the prede-
termined pattern; and

a transmission signal estimating unit operable to correct
the received signal so as to remove the unnecessary
signal from the received signal based on the numerical
sequence calculated by the second calculating unit, and
estimate a signal transmaitted from the radio transmission
station based on the corrected recerved signal and the
numerical sequence calculated by the first calculating
unit,

wherein the transmission signal estimating unit obtains an

estimator “v” of “s” that denotes a column vector repre-
senting a signal transmitted from the radio transmission

station, 1n accordance with a following expression:

v=RssH" (HRssH” +Ruu)™'r,
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wherein “Rss” denotes a covariance matrix of the column
vector “s”, “r” denotes a column vector representing the
signal recerved by the signal receiving unit, “H”” denotes
a matrix being the numerical sequence calculated by the
first calculating unit, “Ruu’ denotes a covariance matrix
being the numerical sequence calculated by the second
calculating unit, “*” denotes a complex conjugate trans-
position, and “~'” denotes an inverse matrix.

2. The radio communication device of claim 1, wherein

when elements of the column vector *“s” are uncorrelated
with each other and when each of the elements has an
equivalent average power that 1s denoted as “p”,

the estimator “v” of the column vector *“s”

1s obtained 1n
accordance with a following expression:

v=H?(HH+(1/p)Rutt) ¥

3. A radio communication device which 1dentifies a radio
transmission station as a communication partner based on a
patterned signal which has a predetermined pattern and 1s
contained 1n a signal transmitted from the radio transmission
station, and performs a radio communication with the 1den-
tified radio transmission station, the radio communication
device comprising:

a plurality of antennas;

a signal recerving unit operable to recerve a signal via the

plurality of antennas;

a first calculating umit operable to calculate, based on the
received signal, a numerical sequence that indicates a
property of a signal transmission path used 1n a radio
communication with the radio transmission station;

a second calculating unit operable to calculate, based on
the recerved signal, a numerical sequence that indicates
a property ol an unnecessary signal that 1s a component
of the received signal and that does not have the prede-
termined pattern;

a transmission signal estimating unit operable to correct
the recerved signal so as to remove the unnecessary
signal from the received signal based on the numerical
sequence calculated by the second calculating unit, and
estimate a signal transmitted from the radio transmission
station based on the corrected recerved signal and the
numerical sequence calculated by the first calculating
unit; and

a reliability evaluating unit operable to calculate a residual
error contained 1n the signal estimated by the transmis-
sion signal estimating unit based on the numerical
sequence calculated by the first calculating unit and the
numerical sequence calculated by the second calculating
unit,

wherein the reliability evaluating unit obtains an estimator
“z[k]” of a residual error corresponding to a k™ element
of “v”, 1 accordance with a following expression:

2 [K)=(W k] H~=I([K])Rss(H" W [I]“ ~Lpf[]] " )+
W [k]RuuW [k}",
wherein “W” 1s obtained 1n accordance with a following
expression:

W=RssH?(HRssH +Ruu)'r,

wherein “s” denotes a column vector representing a signal
transmitted from the radio transmission station, “Rss”
denotes a covariance matrix of the column vector “s”
“r” denotes a column vector representing the signal
received by the signal receiving unit, “H” denotes a
matrix being the numerical sequence calculated by the
first calculating unit, “Ruu’ denotes a covariance matrix
being the numerical sequence calculated by the second
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calculating unit, “v”” denotes a column vector represent-
ing, by an equivalent baseband system, an estimator
obtained by the transmission signal estimating unit, a

dimension of the column vector “s” 1s represented as
“Mx1”, < denotes a complex conjugate transposition,
“~1> denotes an inverse matrix, and

wherein W[k] represents a row vector of a k” row when W
represents a matrix; W[k] represents a k™ element of W
when W represents a column vector; I, [k] represents a
row vector of a k” row in an MxM unit matrix when M
1s 2 or more; and I, k] represents 1 when M 1s 1.

4. A radio communication device which identifies a radio
transmission station as a communication partner based on a
patterned signal which has a redetermined pattern and 1s
contained 1n a signal transmitted from the radio transmission
station, and performs a radio communication with the 1den-
tified radio transmission station, the radio communication
device comprising:

a plurality of antennas;

a signal receiving unit operable to receive a signal via the

plurality of antennas;

a {irst calculating unit operable to calculate, based on the
received signal, a numerical sequence that indicates a
property of a signal transmission path used 1n a radio
communication with the radio transmission station;

a second calculating unit operable to calculate, based on
the recerved signal, a numerical sequence that indicates
a property ol an unnecessary signal that 1s a component
of the received signal and that does not have the prede-
termined pattern;

a transmission signal estimating unit operable to correct
the received signal so as to remove the unnecessary
signal from the received signal based on the numerical
sequence calculated by the second calculating unit, and
estimate a signal transmaitted from the radio transmission
station based on the corrected recerved signal and the
numerical sequence calculated by the first calculating
unit; and
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a reliability evaluating unit operable to calculate a residual
error contained 1n the signal estimated by the transmis-
ston signal estimating unit based on the numerical
sequence calculated by the first calculating unit and the
numerical sequence calculated by the second calculating
unit,

wherein the reliability evaluating unit obtains an estimator
“z[k]” of a residual error corresponding to a k™ element
of “v”, 1 accordance with a following expression:

2 [l] =p(WkJH=L K1) (HEW [} =L 1]+
W[k RuuW [k]",
wherein “W” 1s obtained 1n accordance with a following
expression when elements of a transmission signal “s”
are uncorrelated with each other and when each element

C6 .27,

has an equivalent average power that 1s denoted as “p™:
W=H"(HH"+(1/p)Ruu) ™,

wherein “s” denotes a column vector representing a signal
transmitted from the radio transmission station, “Rss”
denotes a covariance matrix of the column vector *s”
“r” denotes a column vector representing the signal
received by the signal receiving unit, “H” denotes a
matrix being the numerical sequence calculated by the
first calculating unit, “Ruu’ denotes a covariance matrix
being the numerical sequence calculated by the second
calculating unit, “v”” denotes a column vector represent-
ing, by an equivalent baseband system, an estimator
obtained by the transmission signal estimating unit, a
dimension of the column vector s 1s represented as
“Mx1”, ““*” denotes a complex conjugate transposition,
“~1>* denotes an inverse matrix, and

wherein W[k] represents a row vector of a k” row when W
represents a matrix; W[k] represents a k”” element of W
when W represents a column vector; I, |K] represents a
row vector of a k”” row in an MxM unit matrix when M
1s 2 or more; and I, [k] represents 1 when M 1s 1.
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